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PYRAZOLO[3,4^JPYRlMH>lNE DERIVATIVES AND THEIR USE AS 
PURINERGIC RECEPTOR ANTAGONISTS 

5 The ptresent invention relates to pyiazolop 4 v. n < v derivatives and their use m 
therapy, la particular, (he present invention relates to tile treatment of disorders in which 
the reduction of purinergie neurotransmission could be beneficial The invention relates in 
particular to the blockade of adenosine receptors and particularly adenosine A 2A receptors, 
and to the treatment of movement disorders such as Parkinson's disease. 

10 

Movement disorders constitute a serious health problem especialh imoni the eldetly 
sector of the population. These movement disorders axe often the result of brain lesions. 
Disorders involving the basal ganglia which result in movement disorders include 
Parkinson's disease, Huntington's chorea and Wilson's disease. Furthermore, dyskinesias 
15 often arise as sequelae of cerebral ischaemia and other neurological disorders. 

There are four classic symptoms of Parkinson's disease; tremor, rigidity, akinesia and 
postural changes. The disease is also commonly associated with depression, dementia and 
overall cognitive decline. Parkinson's disease has a prevalence of 1 per 1,000 of the total 
20 population. The incidence increases to i per 100 for those aged over 60 years. 
Degeneration of dopaminergic neurones in the substantia nigra and the subsequent 
reductions in interstitial concentrations of dopamine in die striatum are critical to the 
development of Parkinson's disease. Some 80% of cells from the substantia nigra need to 
be destroyed before the clinical symptoms of Parkinson's disease are manifested. 

25 

Current strategies for the treatment of Parkinson's disease are based on transmitter 

pla< mi tbi 1 L-dihydro> p>< it tic aci I 1 i ^ \ > > t .t « of m mil 
oxidase (e.g. Deprenyl®), dopamine receptor agonists (e.g. bromocriptine and 
apomorphinc) and anticholinergics (e.g. benztrophine, orphenadrine). Transmitter 
30 replacement therapy in particular does not provide consistent clinical benefit, espe dl 
after prolonged treatment when "on-off" symptoms develop, and this treatment has also 
been associated with involuntary movements of athetosis and chorea, nausea and vomiting. 
Additional]) current therapies do not treat the underlying neun . srative disorder 
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t s < e in patients. Despite ue\ >t c 

stiil a medical need in terms of improved therapies for movement disorders, especially 
Parkinson's disease. In particular, effective treatments requiring less frequent dosing, 
effective treatments which are associated with less severe side-effects, and effective 
5 treatments which control or reverse the underlying neurodegenerative disorder, are 
requited. 

Blockade of A 2 adenosine receptors has recently been implicated in the treatment of 
movement disorders such as Parkinson's disease (Richardson, P.J, et Trends Pharmacol. 
10 Set 1997, 18, 338-344) and in the treatment of cerebral ischaemia (G&o, Y, and PMHs, 
J.W., Life Set 1994, 55, 61.-65). The potential utility of adenosine A 2 a receptor antagonists 
tri the treatment of movement disorders such as Parkinson's Disease has recently been 
reviewed (Maiiy, 1 and Stone, T.W„ CNS Drags, 199$, 10, 311-320). 

15 Adenosine is a naturally occurring purine nucleoside which has a wide variety of well- 
documented regulatory functions and physi i< teal efft • i : • . . niral nervous system 
(CNS) effects of this endogenous nucleoside have attracted particular attention in. drug 
discovery, owing to the therapeutic potential of purinergie agents in CNS disorders 
(Jaeobson, K.A. et a?., J. Med C/iem 1992, 35, 407-422). This therapeutic potential has 

20 resulted in considerable recent research endeavour within the field of adenosine receptor 
agonists and antagonists (Bhagwhat, S.S.; Williams, M. Exp. Opin, Tker. Patents 3.995, 
5,547-558). 

Adenosine receptors represent a subclass (P 5 ) of the group of purine nucleotide and 
25 nick>* i v rtors known as pminoreceptors. fhe nai pi > t •• c ^ distira 
adenosine re ptt . -a -types are known as An A 3A , A 2B (of high and low affinity) and A 3 
(Fredholm, B.B., et aL, Pharmacol Rev. 1994, 46, 143-156). The adenosine receptors are- 
present in the CNS (Fredholm, BM.,New$ Physiol Sci, 1995, 10, 122-128). 

30 The design of Pj receptor-tr* c < k A Suzuki, F , 

£n$ Oev. i?e% 1997, 39, 289-300; Baraldi, P.O. et at, Curr: Med. Chem. 1995, 2, 707- 
722), and such compounds are claimed to be useful in the treatment of cerebral ischemia or 
neurodegenerative disorders, such as Parkinson's disease (Williams, M. and Bumstock, G. 
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Purinergic Approaches Exp. Ther. (1997), 3-26. Editor: Jacobson, Kenneth A.; Jams, 
Michael F Pu sh \\ j< : N T ew York, !\A 

It has been speculated that xanthine dexiYatlves such as caffeine may offer a form of 
5 treatment for attention-d ivit iisorder (ADHD) k number of studies have 

demonstrated a beneficial effect of caffeine on controlling the symptoms of ADHD 
(Garfiokel, B.D. et al, Psychiatry, 1981, 26, 395-401). Antagonism of adenosine receptors 
is thought to account for the majority of the 'behavioural effects of caffeine in humans and 
thus blockade of adenosine Am receptors may account for the observed effects of caffeine 
10 in .ADHD patients. Therefore a selective Aja receptor antagonist may provide an effective 
-treatment for ADHD but without the unwanted side-effects associated with current therapy. 

Adenosine receptors have been recognised to play an important role in regulation of sleep 
patterns, and indeed adenosine antagonists such as caffeine exert potent stimulant effects 
15 and can be used to prolong wakefulness (Porkka-Heiskarien, T. ei at, Science, 199?, 276, 
1265-1268). Recent evidence suggests that a substantial part of the actions of adenosine in 
regulating sleep is mediated through the adenosine Asa receptor (Satoh, S., et al, Pwc. 
Natl Acad Sci, USA, .1996). Thus, a selective Am receptor antagonist may be of benefit in 
counteracting excessive sleepiness in sleep disorders such as hypersomnia or narcolepsy. 

20 

It has recently been observed that patients with major depression demonstrate a blunted 
response to adenosine agonist-induced stimulation in platelets, suggesting that a 
dysregolation of A-. A receptor function may occur during depression {Berk, M. et at, 2001, 
Eur. Neuropsychopharmacol 11, 183-186). Experimental evidence in animal models has 
25 shown that blockade of A 2A receptor function confers antidepressant activity (El Yaconbi, 
M et al, Br. J. Pharmacol 2001, 134, 68-77). Thus, A 2A receptor antagonists may offer a 
novel therapy for the treatment of major depression and other affective disorders in 
patients. 

30 The pharmacology of adenosine Asa receptors has 'been reviewed (Ongini, II; Fredholm, 
B.B, Trends Pharmacol Sci 1996, 17(10), 364-372). One potential underlying mechanism 
m the aforementioned treatnaent of movement disorders by the blockade of A? adenosine 
receptors is the evidence of a functional link between adenosine A; JA receptors to dopamine 
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D2 receptor? in the CNS Some of the early studies - Perre, S el «!., Stimulation of 
high-afl i i \ receptors decre. a s< i ; D 2 receptors in rat 

striatal membranes, Proc. Natl Acad Sci. U.S.A. 1991, 88, 7.238-4.1} have been 
summarised in two more recent articles (Fuxe, K. et al. Adenosine Adenine Nucleotides 
5 Mat. Biol Integr, Physiol, [Proc. Int. Symp.J, 5th (1995), 499-501. Editors: Belardinelli, 
Lute; Pelleg, Amir. Publisher: Kluwer, Boston. Mass.; Ferre, S, et el., Trends Neurosci. 
1997, 20, 482-487). 

As a result of these investigations into the functional role of adenosine A 2 a receptors in the 
10 CNS, especially /« vivo studies linking A 2 receptors with catalepsy (Ferre et at., Neurosci. 
Lett.. 1991, 130, 162-4; Mandhane,.SJSLef al., Eur. J.-Pharmacol. 1997, 328, 135-141) 
investigations have been made into agents which selectively bind to adenosine- Asa 
receptors as potentially effective treatments for Parkinson's disease. 

.15 While many of the potential drugs for treatment of Parkinson's disease have shown benefit 
in the treatment of movement disorders, an advantage of adenosine \& am 1 >t I 
is that tire underlying neurodegenerative disorder may also be treated. The neuroprotective 
effect of adenosine Asa antagonists has been reviewed (Onghu, E; Adami, M; Feitl, C.;, 
Bertorelli, R., Ann. N. Y Acad, Sci. 1997, 825{Neuroprotective Agents), 30-48). in 

20 particular, compelling recent evidence suggests that blockade of Asa receptor function 
confers neuroprotection against MFFP-induced neurotoxicity in mice (Chen, J-.F., ./. 
Neurosci 2001, 21, RC143). In addition, several recent studies have shown that 
consumption of dietary caffeine, a known adenosine Asa receptor antagonist, is associated 
with a reduced risk of Parkinson's disease in man (Ascherio, A. et ah Aim Neurol, 2001, 

25 50, 56-63; Ross G W, et al, JAMA, 2000, 283, 2674-9). Thus, A 2A receptor antagonists 
may offer a novel treatment for conferring neuroprotection in neurodegenerative diseases 
such as Parkinson's disease. 

Xanthine derivatives have 'been disclosed as adenosine A: receptor antagonists as useful for 
30 treating various diseases caused by hyperfunctioning of adenosine A* receptors, such as 
Parkinson's disease (see, tor example, EP-A-565377). 
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One prominent c:\ <w a adenosine A;., selective antagonist is CSC (8-G- 

chIorostyryl)caffeine] (Jaeobson et at^FgBS Lett, 1993, 323, 141-144). 

Theophylline (1 ,3-dimethylxanthine), a bronehodilator drug which is a mixed antagonist at 
5 adenosine A) and Au receptors, has been studied clinically. To determine whether a 
formulation of tins adenosins recepi >r ani gc nist would be of value in Parka on's distra&e 
an open trial was conducted on 15 Parkinsonian patients, treated for up to 12 weeks with a 
slow release oral theophylline preparation (150 mg/day), yielding serum theophylline levels 
of 4.44 m,g/L after one week. The patients exhibited significant improvements in mean 
10 objective disability scores and 1 1 reported moderate or marked subjective improvement 
. (Mally, I, Stone, T..W... J...£harm JPJwmicel. 1994,46, 515-517). 

KF 17837 ^>-8-(3 t 4-dimethoxystyryI)-13-dipropyl-7-me ne'j is a selective 

adenosine Asa receptor antagonist which on oral administration significantly ameliorated 

15 the cataleptic responses induced by intracerehroventrieukr administration of an adenosine 
A%\ receptor agonist, COS 21680. KF 17837 also reduced the catalepsy induced by 
haloparidol and reserpme. Moreover. KF 17837 potentiated the anficataieptic effects of a 
subthreshold dose of L-DOPA plus benserazide, suggesting that KF 17837 is a centrally 
active adenosine Asa receptor antagonist and that the dopaminergic function of the 

20 nigrostriatal pathway is potentiated by adenosine Am receptor antagonists (Kanda, T. et aL> 
Eur. I Pharmacol 1994, 256, 263-268). The- structure activity relationship (SAR) Of IF 
17837 has been published (SMmada, L et a/., Bioorg. Med Chem. Lett. 1997, 7, 2349- 
2352). Recent data has also been provided on the A 2A receptor antagonist KW-6002 
(Kuwana, Y et al, Soc. NeuroscL Ahstr. 1991, 23, 119.14; and Kanda, T, et al, Ann, 

25 Neurol. 1998, 43(4), 507-5 1 3). 

New non-xanthlne structures sharing these pharmacological properties include SCH 58261 
and its derivatives (Baraldi, P.G. et al, Pyrazolo[4.3-e3-i ! 2 { 4-triazoloti,5-c]pyrimidine 
Derivatives Potent and Seh ive A e Antagonists. J Med Chem 1996, 39, 

30 1164-71). SCH 58261 (7<2-phenylethyl)-5-amino-2-(2-furyl)-pyra2olo-[4 5 3-e]-i ,2,4- 
txi.azoloCl,5-e] pyrimidine) is reported as effective in the treatment of movement disorders 
(Onghri, E. Drug Dev. Res. 1997, 42(2), 63-70) and has been followed up by a later series 
of compounds (Baraldi, P.O. et al, X Med. Chem. 1998, 41(12), 2126-2133). 
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The foregoing discussion indicates that a potentially effective treatment for movement 
disorders in humans would comprise agents which act as antagonists at adenosine A 3 a 
receptors. 



it has now been found that pyrazo1o[3,4-d1pyrimidine derivatives, which are structurally 
unrelated to known adenosine receptor antagonists, exhibit unexpected antagonist binding 
affinity at adenosine (P } ) receptors, and in particular at the adenosine A 2A receptor. Such 
compounds may therefore he useful for the treatment of disorders in which the blocking of 
10 purine receptors, particularly adenosine receptors and more particularly adenosine A 2A 
receptors, may he beneficial In particular, such compounds may be suitable for the 
treatment of movement disorders, such as disorders of the basal ganglia which result in 
dyskinesias. .Disorders of particular interest in the present invention include Parkinson's 
disease, Alzheimer's disease, spasticity, Huntington's chorea and Wilson's disease. 



Such compounds may also be particularly suitable for the treatment of depression, 
cognitive or memory impairment including Alzheimer's disease, acute or chronic pain, 
ADHD, narcolepsy or for neuroprotection. 

20 According to the present invention there is provided the use of a compound of formula (I): 



25 wherein 

Ei is selected from aSkyl aikoxy, aryloxy, alkylthio, arylthio, aryi, halogen, CN, NR«R 7 , 

NR 5 COR 6) NRgCONRfjR?, NRsCGjRg and NR 5 SO^; 
R 2 is selected from heteroaryl attached via an unsaturated carbon of said heteroaryl; 
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R 3 is selected from B, aikyL halogen, OR 5) SR 3 and NRgR?; 

R4 is selected from H, acyclic ai.ky.1, CONR 6 R 7 , CONR5MUR7. COR«, C0 2 R 8 and S0 2 Rs; 
R 5> R f , and R- are indepej d from H, aik> and aryl or where R & and R7 arc in an 

NR&R7 group Rf, and R7 may be linked to 1 c \ t he group or m here Rj, R c > and R7 

5 are in a (C0NR 5 N1-^R 7 ) group, R 5 and R« may be linked to form a heterocyclic group; and 
Rs is selected from alfcyl and aryl, 

or a pharmaceuheally acceptable salt or prodrug thereof, in the manufacture of a 
medicament for the treatment or prevention of a disorder in which the blocking of purine- 
receptors, particularly adenosine receptors and more particularly A 3 a receptors, may be 
10 beneficial. 

As used herein the term "alkyl", unless otherwise stated, means a branched or unbranched, 
cyclic or acyclic, saturated or unsaturated (e.g. alkenyl or alkynyl) hydrocaroyl radical which 
may be substituted or unsubstituted. Where cyclic, the alky! group is preferably €3 to C13, 

15 more preferably Q to do, more preferably Cj, C 6 or C 7 . Where acyclic, die alkyl group is 
preferably Q to do, more preferably C; to C& more preferably methyl, ethyl, propyl (n-propyl 
or isopropyl), butyl (n-butyl, isobutyl or tertiary-butyl) or pentyl (including n-pentyl and iso- 
pentyl), more preferably methyl, ft will be appreciated therefore that the term "alky!" as used 
herein, unless otherwise stated, includes alky! (branched or unbranched), alkenyl (branched or 

20 unbranched), alkynyl (branched or unbranched), cydoalkyl , cycloalkenyl and cycloalkyuyl . 

As nsed herein, the term "lower alkyf means methyl, ethyl, propyl (n-propyl or isopropyl) or 
butyl (n-butyl, isobutyl or ternary-butyl). 

25 As used herein, the term "aryl" means an aromatic- group, such as phenyl or naphthyl 
(preferably phenyl), or a heteroaromatic group containing one or more heteros ■ 
preferably selected from N, O and S, such as pyridyl, pyrrolyl, quinolinyl, fnranyl, thienyl, 
oxadiazoiyl thiadiazolyl, thiazolyl, oxazolyl, isoxazoiyl, pyrazolyl, tnazoiyi, imidaaolyi, 
pvTimidinyl, indolyl, pyrazinyl andiudazdyl. 

30 

As used herein, the term "heteroaryj" means an aromatic group containing one or more 
heieroatom(s) preferably selected from N, 0 and S, such as pyridyl, pyrrolyl, quinolinyl, 
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fturanyl, thierayl, oxadiazoly) I ss i olyl triazolyl, 

i t < slyl, pyrimid indoh ^ > i 1 . 1 f i<> 1 

As used herein, the term "non-aromatic heterocydyS" means a non- aromatic cyclic group 
5 containing one or more heteroato.m(s) preferably selected from N, O and S, such as a cyclic 
amino group (including aztetdroyl, azetidinyl, pyrroh'dmyl piperidyl piperazinyi, 
morpholinyi) or a cyclic ether (including tetrahydmfuranyl). 

As used herein, the terra "'alkoxy" means aIkyl~G-. As used herein, the- term "aryloxy" means 
10 aryl-O-. 

As used herein, the term "halogen" means a fluorine, chlorine, bromine or iodine radical 

As used herein, the tenn "orthopttlio-disubatituted aryl groups" refers to heteroary! groups 
IS which are substituted in both ortho positions of the heteroaryl group relative to the point of 
attachment of the heteroaryl group to the pyrimidine ring. 

As used herein, the term "paxirug" means any pharmaceutlcally acceptable prodrug of a 
compound of the present invention. 

20 

Where any of Rj to Rj* is selected from alkyl, alkoxy and thloaikyl, in accordance with 
formula (I) as defined above, then that alkyl group, or the alkyl group of the alkoxy or 
thioalky! group, may be substituted or unsubstituted. Where any of R x to R J4 are selected 
from aryl, aryloxy and thioaryl in accordance with formula (I) as defined above, then said 
25 aryl group, or the aryl group of the aryloxy or thioaryl group, may be substituted or 
unsubstituted. Where R 6 and R 7 , or Rs and R& are linked to form a hete-rocyelie group, the 
heterocyclic group may be substituted or unsubstituted. Where substituted, there will 
generalh be 1 to 3 substratcm pKs » )h 1 ubst uert Sa i e ' $\ nclude: 
carbon-containing groups such as 
30 alkyl 

aryl (t 1 ub itut I ant i titute hen i ( ncl dins 

(alkyl)phenyL (alkoxy)phenyl, (alkyl- and aryl- 
sulfonylamino)phenyl and halophenyl), 
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aryMkyU 
halogen au rns indl aii 1 n coni i?j 
batoalfcyl 
haloaryl 

5 oxygen containing groups such as 
alcohols 



( £ -il slit « d md un ubsiirutt ihmzs ; 
ggroapssuAas 
(e.g. trinuofomethylX 
(e.g. ehiorophenyl); 



hydro hydroxyalkyk hyd ryl 
, I) hydro ) \k A 
ethers (e.g. alkoxy, aryloxy, alkoxyalkyl, aryioxyalkyl, 

alkoxyaryk aryksxyaryl), 
aldehydes (e.g. carbox&ldehyde}, 

ketones (e.g. atkylearbonyk arylearbony.l. alkylcarbonyklkyt 
kyicarbonyla IcarbonyMkyi i i 

atyMkylcarbonyl, arylalkylcarbonylatkyk 
aryklkylearbonykryl) 

acids (e.g. carboxy, carboxyalkyl, earboxyaryl), 

acid derivatives such as esters 

(e.g. alkoxycarbonyl, aiyloxycad>oflyi s 

aikoxycarbonylalkyl, aryioxycarbonyl alkyl 

alkoxycarbonylaryl , aryloxycarbonyiaryk 
alkykarbonyloxy, alkylcarhonyioxyalkyl), 



(e.g. aniinocarbonyk mono- or di-aikyiaramocatbonyl, 
cyelicatninociwboEyk arainocarbonylalkyl, mono- or di- 
b cai nyiaikyk arylannaocaroonyl or 

arylalkylamiflocarbonyl, allcylcarbonylaroino, 
aryicarbom i s (ooylamino), 



(eg. alkoxycarbonylamino, aryloxycarbonylamtno, 
atylalkyioxycarbonylamino, atn.mocarbonyi.oxy, mono- 
i rbonyloxy, arylatninocarbonyloxy or 
atylalkySaminocarbonyloxy) 
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nitrogen containing groups such as 



(eg, aioao- or di-alkylatdnoearbonylamino^ 

or 

aryl al kyjaminocMbonykmino) ; 

{kg, amino, mono- or dialkylanrino, cyclicairyjio, 
aryiamme, ai n sono- or dalkyiairdnoaikyl). 



(feg, eyano, cyanoalkyl), 
nitre, 

10 sulfonamides (e.g. aoiinosulfonyi s mono- or di-aikylaminosuilbnyl, 

mono- or di-ar\ am 1 fonyl alk\l~ or aryi- 
sulfonylamino, alkyb or ary]-s«lfonyI(alky.l)amino, 
alkyl- or ary.l~sulfony](aryi)aniino); 

sulfur containing groups such as 

15 thiols, thioethers, sulfoxides, and sulfones 

(e.g. aikylthio, aJ&ylsuKmyL alkylsulfonyi, 

it it! oa; yj al isulfmylalkyl ' \ ! fonylalky 
arylthio. arylsulfinyl, atylsulibnyl, arylisioalkyl, 
ary!sulfinylalkyl,arylsulfonylaUcyl) 

20 and heterocyclic groups containing one or more, preferably one, heteroatoni, 

(e,g. fhierryi, ruranyl, pyrrol yl, imidaxolyl, pyrazolyl, 
thiasolyh isothiazoiyl, oxazoiyl, oxadiazolyi, 
UiiadiazolyL aziridinyl, azetidinyl, pyrrolidinyi, 
pyrrolinyl, iraidazolidinyl. imidazo'Unyl, 

25 pyrazolidinyl, tetrahydrofuranyl. pyrauyl pyronyl, 

pyridyi, pyrazinyl, pyridazinyl, piperidyl 
ro m j T . nyl niorphoHnyl, 

thianaphthyl, benzofuranyl, isobenzofuranyi, indolyl, 
oxyindolyl, isoindoiyl, indazolyl, indolinyk ?~ 

30 azaindol I, benzopyranyi, cot * isoco > 

quinolh s \ i ; >iin> 

quinszolmyl, pyridopyridyi, bensr.oxazinyi, 
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quinoxalinyk ehromenyl, chrornanyl, isochromanyl, 
i^&alazmyl and carboHnyl), 

Where any of R toRwisse ctedi I or fro a ng grc p such as aryloxy 

5 or arykhio, preferred substituent groupfs) are- selected from halogen, alkyl (substituted or 
unsubsthuted; and where substituted particularly from alkoxyalkyl. hydroxyalkyl, auanoalkyl 
and haioaikyl), hydroxy, alkoxy, CN, NO* amines (including amino, mono- and di~ 
aikylarnino), aikoxycarbonyl, aminocarbonyh carboxamido, sulfonamide, 
alkoxyearbonylamino and aryi, and particularly from unsubstitutsd alkyl, substituted alkyl 
10 (including alkoxyalkyl and arainoalkyl), halogen and amines. 

In one embodiment, where any of Rj to R {4 is directly substituted by an alkyl substituent 
group, or by an alkyl-eontaming substituent group (such as alkoxy or aikylcarbonylamino for 
example), then die alkyl moiety of die substituent. group directly attached to any of R s to Ru 
15 may be further substituted by the substituent groups hereinbefore described and particularly by 
halogen, hydroxy, alkoxy, CN, atnines (including amino, mono- and di-alkyl amino) and myi 

In a further embodiment, where any of Rj to R14 is directly substituted by an aryi substituted 
group, or by an aryl-containiug substituent group (such as aryioxy or arytainocarbonylamino 

20 for example), then die aryi moiety of the substituent group directly attached to any of Rj to Ru 
may be further substituted by the substituent groups hereinbefore described and particularly by 
halogen, alkyl (substituted or nnsubstituted; and where substituted particularly from 
alkoxyalkyl, hydroxyaikyl, aminoalkyi and haloalkyl), hydroxy, alkoxy, CN, N0 2 , amines 
(including amino, mono- and di-alkyiamino), alkoxycartx>nyl, aminocaibonyl, carboxamido, 

25 sulfonamide, alkoxyearbonylamino and aryi. In a further embodiment, said aryi moiety is 
substituted by halogen, alkyl fir!:; hiding CF3), hydroxy, alkoxy, CN, amines (including amino, 
mono- and di-alkyl amino) and NO* In a further embodiment, said aryi moiety is substituted 
by unsubsdtuted alkyl, substituted alk> I < particularly alkoxyaiky and amin • tlk> 1 >. halogen and 
amines. 

30 
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The terms "directl> i rein, mean that the 

substitaent group Is bound direct!} to an) of Ri to R 54 without any im ;j ig di\ alent atoms 
or groups, 

5 In the compounds of formula (I), Rj is selected from alkyl (including branched and 
untouched alkyl, substituted and unsubstituted alkyl, and cyclic and acyclic alkyi), aikoxy, 
aryloxy, alkyhhio, arylthio, aryl (including neteroaryl), halogen, CN, NR$R 7 (including 
NH 2 . mono-alkylamino and di~alkylammo), NR 5 COjR s , NR^CONRftR-, NR 5 C0 2 R g and 
NR 5 S0 2 R 8 . 

10 

Where R; is selected from alkyl, aikoxy and alkylthio, then said alkyl group or the alkyl group 
of the aikoxy or alkylthio is preferably selected from Q-s alkyl (including branched and 
unhranehed alkyl, substituted and unsubstituted alkyl. and cyclic and acyclic alkyl), preferably 
saturated C$-$ alkyl, and more preferably lower alkyl. In one embodiment, R\ is selected from 
15 substituted alkyl. particularly haloalkyl (including CPs) and arylalkyl (including 
heteroaiyialkyl), and particularly haloalkyl (including CF 3 ). 

Where R } is selected from NRsCONR^R?, NR 5 COR s , NRjCO^Rg and NR 5 SG 2 R& S preferably 
Rs is H or alkyl, and preferably H. 

20 

it is preferred that Ri is selected tram alkyl. aikoxy, tMoalkyl, NRsR 7 (including NH£), 
NRsCORs, NRsCONR^Rt, NR 5 C0 2 R s andNRjSGjRg, and preferably from NR5R7 (including 
NH 2 ), NRsCORg, NRjCOMR^R?. NRsCOaRa and NR s SO : ,R s , more preferably from NR 6 R 7 
(including NHj), and .more preferably from NH 2 . 

25 

fa the compounds of formula (I), R 2 is substituted or unsubstituted heteroaryl attached via an 
unsaturated carbon atom. Preferably, the heteroaryl group is a 5- or 6- membered monocyclic 
group. 

30 Preferably, R 2 is ah oup * . t dine ring of formula (I) 

such that at least one bete* 1 iton is 1 djacent to the unsaturated carbon atom attached to the 
pyrimidtne ring. Preferably, R 2 is m bf, O or S^containing heteroaryl group. R 2 may contain 
one > j more h r-tert 3 om(s) s< k K 1 frot t N, O u d S 
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It is preferred that R2 is not an e:r 5< i f ei My R- it 

not substituted at either ortfe itioi c! herein, reference to orth s don of the R 2 

group means the oiiho positions of the R 2 group relative to the point of attachment of R 2 to 
5 the pvrimidine moiety of ibrmu! a (I). 

In a preferred embodiment, R 2 is selected from fury! (including 2-fury]), ibienyl (including 2- 
thienyl), pyridyl (including 2-pyridyl), thiazolyl (including 2- and 5- thtazolyl), pyrazoiyl 
(including 3-pyrazoiyl) f triazolyl (including 4-triazolyi), pycrolyl (including 2-pyrrolyl) and 

10 oxazolyl (including 5-oxazolyl). In a further embodiment, R 2 is selected from 2-furyl 2- 
taienyi, 2~thiazoiyl, 2-pyridyl, 3-pyrazoIyl, 2-pyrrolyl, 4-triamiyl and 5-oxazolyl In a further 
preferred embodiment, R 2 is selected ftora furyl, thienyk pyridyl, thiazolvi and pyrazolyl, and 
particularly from 2-furyl, 2-tltienyl, 2-thiazolyl, 2-pyridyl and 3-pyrazolyl, In a further 
embodiment, R 2 is selected from furyl, thienyl and pyridyl, preferably 2-furyk 2-thienyl and 2- 

15 pyridyl. In a particularly prefetxed embodiment, R 2 is selected from furyl, and preferably from 
2-furyl. substituted or unsuhstiuited. 



20 Irs the compounds of formula (1), R 3 is selected from. H» alkyl (including branched, and 
tmhranched alkyl, substituted and unsabstituted alkyl, and cyclic and acyclic alkyl), halogen, 
ORs, SR 5 and NR^R?. 

Where lh is selected from alkyl, alkoxy and alkylthio, then said alkyl group or the alkyl group 
25 of the alkoxy or alkylthio is preferably selected from Cre alkyl (including branched and 
imbranched alkyl, substituted and ^substituted alkyl, and cyclic and acyclic alkyl), preferably 
saturated Cj-6 alkyl and more preferably lower alkyl. 

Preferably, R 3 is hydrogen. 

30 

In the compounds of formula 0), R4 is selected from H, acyclic alkyl (including branched and 
nnbranehed acyclic alkyl, and substituted and unsubstituted acyclic alkyl), CONR 6 R ?! 
CONR 5 NR#7, COR fij C0 2 R s andSOjR* 
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Where R4 is selected from acyclic alkyl, R4 is preferably Q4 acyclic alky! (including alkenyl 
and alkynyi). In one embodiment, R$ is selected from Q. 6 saturated acyclic alkyl, preferably 
lower alkyl, 

5 

in one embodiment, R* is selected from substituted acyclic alkyl (including saturated acyclic 
alkyi and alkeny!). Preferred substituents are snshtttuted and ansobstituted aryl (including 
heteroaryl), eycloaikyl, noa-aromatic heterocycJyi CQ 2 R 5 , CX>NR«R 7 , CONRsNRgR? and 
C(-NR 3 )NS^7, preferably aryl (including heteroaryl) and CONRgR?, more preferably aryl 
10 (including heteroaryl). 

Where R4 is selected from acyclic alkyl substituted by aryl (including heteroaryl), the aryl 
(including heteroaryl) group may unsuhsiituted, or substituted as defined in more detail below 
in respect of of the group referred to as R u , Preferably, the aryhsubsiituted acyclic alkyl is an 
15 aryl -substituted methyl group. Preferred aryl groups are set out in detail below in respect of 
the group referred to as Ar. 

In one embodiment, R$ is selected from (CR^Rio^Rn wherein n is .1 to 6 (preferably a is 1, 2 
or 3, more preferably n in i), Rs and R w are Independently selected from H, alkyl and aryl, and 
Rji is selected from aryl (including heteroaryl), eycloaikyl, non-aromatic heterocyclic, COjRs, 
20 CONRgR.7, CONR5NR5R.7 and C(=NR 5 )jNRoR 7 . wherein Ru is preferably aryl (including 
heteroaryl) or CQNR^R?. More preferably R 3 ; is aryl (including heteroaryl). Preferably R 9 and 
Rjo are independently selected front H and alkyl, more preferably H. 

Where R« is selected from CONRsR?, Ro and R 7 are selected from H, alkyi (including 
25 substituted alkyl such as arylalkyl (including heteroarylaikyl)) and aryl (including heteroaryl) 
or R* and R 7 may be linked to form a heterocyclic ting, fn one embodiment, Re, and R 7 are 
selected from H> uns < 5 hiding hei 

heteroaryl). Said aryl group? nsn • tec • ■ bstituted. In a prefened embodiment 
one of R§ and R 7 is hydrogen, 

30 

Where Rn is aryl (including heteroaryl), the aryl (including heteroaryl) group may be 
unsubstituied, or may be substituted. In one embodiment, R n is selected from the group 
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consisting of substituted a ( dudin| heteroarj mono- di- ca M- 

stibstimted aryl (including teteroaryl) roups repress the j fRt tfl&iAk 

wherein Ar is an aryi (including heteroaryl) group; wherein R I5 . S R J3 and Ku are substitoent 
group(s), the same or different; and wherein a, b and c are 0 or 1 such that a-fb+c >L 

5 

In one embodiment, the group Ar is selected from phenyl, &i an alternative embodiment, the 
group Ar is selected from heteroaryl groups such as those described hereinabove, preferably 
from, mono or bieyeiic heteroaryl groups, more preferably from pyridyl (iticluding 2-pyridyl, 
3-pyridy? and 4-pyridyi. preferably 2-pyridyl), indolyl (including 2-tndolyl, 3-indoiyl, 4- 

10 indolyl, 5-indolyl, 5-indoIyi and 7-indo.lyi), .fury! (including 2-furyl and 3~furyi preferably 2* 
- furyl), thienyl (including 2-thienyl and 3-tlitenyl, preferably 2-thienyl), isoindolyl, indolinyl, 
isoxazolyl, oxazolyl, thiazolyl, pyrazfnyi, pyrimidinyl, qainolinyl, benzoxadiazolyl, 
benzothiadiazolyl, benzoiriazolyl, mdazolyl, benaodioxolyl and dihydrobenaofui-anyl, more 
preferably from pyridyl (preferably 2-pyridyl), indolyl, furyi (preferably 2-furyl) and thienyl 

15 (preferably 2-thienyl), and most preferably from pyridyl (preferably 2-pyridyl), fnryl 
(preferably 2-furyl) and thienyl (preferably 2-thienyl). 

In one embodiment, the group Ar is selected from phenyl, pyridyl (preferably 2-pyridyl), furyl 
(preferably 2-furyl), thienyl (preferably 2-thienyl) and indolyl, and particularly from phenyl, 
20 pyridyl (preferably 2-pyridyl), ruryl (preferably 2-furyl) and thienyl (preferably 2-thienyl). 

The substituent groups R w , R i3 and R M may be selected from any of the sobsti tnent groups 
described herein above. 

25 in a preferred embodiment, R\% Rb and R M are selected from NRjR? (including NH 2 , and 
NHR«), alkyl (substituted or unsuhsiituted; preferably C w acyclic alkyl), alkoxy (including 
fluoroalkoxy), halogen (including F, CI, Br and 1), NOj, CN, hydroxy, NHOH, CHO, 
CONR 6 R 7 , CO3R5, NRsCORfi (preferably NHCOR«), NRsCOzRg (preferably NHCG2R*), 
NRsSOiRg (preferably NHSOaRs), OC0 2 R s and aryl (including heteroaryl). 

30 

In a more preferred embodiment, R J2 , R i3 and R M are selected from NRgR? (including NH 2 
andNHRfi), alkyl (substituted or unsubstituted; and preferably C w acyclic saturated alkyl) and 
halogen (preferably F or CI, pajtieularly W). 
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In a particularly pj ferred embodiment, R12, Rja and 'Rw are st cted i n \° R • icludin 
NB in NFIR ( , preferably NT-La) and Ikyl (substituted or m bsiituted preferabb C ;i . s 
acyclic saturated alkyl: 

5 

Where R }2 , R» and R S4 are selected from substituted alkyl, said alkyl is preferably selected 
fi am alto ix> - • *> alkyl , ammoalkyi (including NHralkyl, mono-alkylammoalkyl and 
di-aikylanrinoaikyl), haloalky! (particularly fluoroalkyl (including GF 3 )) t eyanoaUcyl, 
alkylthioalkyl aikylcarboxyan noalky k« onylamino, 
10 more preferably from alkoxyalkyl, hydroxyaikyk amiiioalkyl and haloallcyJ (partiedariy 
f'looroaikyi (melnding CF3)) and most preferably from alkoxyalkyl aid arniooalkyk 

In one embodiment, the substituent groups R^, R; 2 and R J4 are selected from halogen, alkyl 
(including CIV), hydroxy, aikoxy, alkylthio, CN, amines (including amino, mono- and di-alkyl 
15 amino) and NOj, 

Where the Ar group is phenyl, the phenyl ring may be mono-, di- or rri-substituted, preferably 
wherein the substituent group is selected from NR^R?, alkyl, alkoxy, halogen, N0 2l CM, 
bydroxy, CONR^R?, C0 3 R s , NR s COR>, NRjCOaRs, NR 5 SG 2 R§ and OC0 2 R^ a? desciibed 

20 above, and more preferably from NR$R? (including NH 2 and NHR«, and preferably NH 2 ), 
alkyl. (substituted or unsubstituted; preferably Qw acyclic saturated alkyl; and, where 
substituted, pi . 1 ] mm alkoxyalkyl, hydroxyaikyk aminoalkyl and h&ioalkyi (particularly 
fiuoroalkyl (including CF 3 )), and more pmferably from alkoxyalkyl and aminoalkyl) and 
halogen (preferably F or CI, particularly F). Where (a+b+c) is 2 or 3, it is preferred that at 

25 least one of the substttuent groups is NELtfa, paracnlariy NH2. 

Where the Ar group is pyridyk the pyridyl group (which is preferably a 2-pyridyl group) is 
preferably mono-substituted, preferably 6-substituied. The preferred substituent group(s) are 
i alkyl (i dii ■ < tuted and unsubst ed turat ~> 1 n u 
30 alkenyk including vinyl); and preferably Cms acyclic alkyl), alkoxy, halogen, aryk N0 2 , 
NHOli and CHO, as described above, and more preferably from alkyl (substituted or 
unsubstituted C x n clic saturated H\l md, where subst 1 ferably fn.ra 
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alkoxyalkyl, hydroxyalkyl, arranoalkvl am (including 
C.Fj)) t and more preferably from alkoxyalkyl and arninoaikyi). 

5 Where E 4 is selected from CONR^B.?, R<; and R 7 are selected from H, alky] (inej idmg 
substituted alkyl such as arylaBcyl (including heteroaryialkyl)) and aryl (including heteroaryi) 
or R 6 and R~ may be linked to form a heterocyclic ring. In one embodiment, R<j and R? aro 
selected from H, unsubstituted alkyl, aryklkyi (including heteroaryMkyl) and aryl (including 
heteroaryi). Said aryl groups may be substituted or unsubstituted. in a preferred embodiment 
10 one of Rg and R 7 is hydrogen. In a farther preferred embodiment, R 6 is H and R ? is selected 
fronvar.ylalkyl iincluding.heteroar-ylalkyl),..preferabiy.ar-ylmethyl (including heteroarySmelhyl). 

In a preferred embodiment, R4 is selected from H and substituted acylie alkyl, preferably 
wherein said acyclic alkyl is substituted by aryl (including heteroaryi) or COM^R?, and 
15 preferably by aryl (including heteroaryi), as described herein. 

in the compounds of formula R5, Rg and R? are independently selected from H, alkyl 
{including branched and unhranehed alkyl, substituted and unsubstituted alkyl, cyciie and 
acyclic alkyl) and aryl (including heteroaryi) or where R$ and R? are in any group R$ 

20 and R? may be linked to to a heterocyclic group, or where R 5 , 11* and R 7 axe in a 
(CONR 5 NR^R 7 ) group, R 5 and R 6 may be linked to form a heterocyclic group. 

In the compounds of formula (I), R 8 is selected from alkyl (including branched and 
unbranched alkyl , substituted and unsubstituted alkyl, cyclic and acyclic alkyl) and aryl 
25 (including heteroaryi). 

Where R 5 to R& m in epi dentl> ; elected from a L p bJh R to F m ;leeted from 
Cj-6 alkyl, prefe ib'i C r6 saturated alky i and m e pit 1 " from lower alkyl, 

30 Where R§ and R?, or R 5 and R$, are linked to form a heterocycl c ng aid he ( yclic ring 
may be saturated, partial!} nsatu >i saturated Said 

heterocyclk erabiy a 5, 6 or 7-me ! 1 ?ly a 5 or 6-membered ring, 

and may contain one or mote hif r>e- m , M> selected 1 roo u\ , O and S 
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luapieteii.v i « V SB k is 2-furyl R s H and R4 is rylmeth) (including 
heteroarylmethy i) . 

5 la a particularly preferred embodirasait of the invention, the compounds of formula (I) are 
selected from: 
4K'2-fmr}d)-H3-raethoxy 

4<2-fm7l)-i-(3-methylbenz>4)-IH-pyr<uo[o[3 ! 4-d}pyrinH 
10 H2 5 6-difiuorob e «zylM^ 

4<24\nytH<3-phenyipropy1)-lHi3yra^ 
H2~flnorobenzy{)-4-(2-pyridyI)~lB^^ 

Where chiral the compounds of formula (D may be in the form of a racemic mixture of pairs 
15 of enantiomers oj nen tiomt !Jy pure Ion 

According to a further aspect of the present invention there is provided a method of treating 
or preventing a disorder in which the Mocking of purine receptors, particularly adenosine 
receptors and more particularly adenosine Aza receptors, may he beneficial, the method 
20 comprising administration to a subject in need of such treatment an effective dose of a 
compound of formula (I) or a pharmaceutical^ acceptable salt or prodrug thereof. 

The disorder may be caused by the hyperfunctioning of the purine receptors. 

25 The present invention may be- employed in respect of a human or animal subject, more 
preferably a mammal, more preferably a human subject. 

The disorders of particular interest are those in which the blocking of purine receptors, 
particularly adenosine receptors and more particularly adenosine Aj A rt cepiors, may be 
30 beneficial. These may include movement disorders such as Parkinson's disease, drug- 
ed Parkinson | cl » Parkins* t induced by poisoning 

(for example ■ MPTP, mang; _ r n on< d md >st raumat 1 ♦ nson's disease 
(punch-drunk swdrome), 
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Oth ; t < .lit 11 t the b king < purine f raa > ,x j^ 1 t 
include progressive superm* ear pal Huntington itseas< multipfe system atrophy, 
orticoh ! * i, Wilsons di ] > i v' S ? ' < e, progres e pallid 
5 atrophy, Dopa-iesporaive dyston i other disorder of die basal 

ganglia which result in abnormal movement or posture. The present invention may also be 
effecti ve in treating Parkinson's with on-off phenomena; Parkinson's with freezing (end of 
dose deterioration); and Parkinson's with prominent dyskinesias, 

10 The compounds of formula (I) may be used or administered in combination with one or 
. -mom additional drngsmseMinthe treatment of movement disorders, such -as L-'DOPA or a 
dopamine agonist, the components being in the same formulation or in separate 
formulations for administration simultaneously or sequentially. 

15 Othei disoidei n which the blocking of p 
and mote p 

pain; for example neuropathic pain, cancer pain, trigeminal neuralgia, migraine and other 
conditions associated with cephalic pain, primary and secondary hyperalgesia, 
inflammatory pain, nociceptive pain, tabes dorsaiis, phantom limb pain, spinal cord injury 

20 pain, central pain, post-herpetic pain and HIV pain; affective disorders including mood 
disorders such as bipolar disorder, seasonal affective disorder, depression, manic 
depression, atypical depression and monodeptsssive disease; central and peripheral nervous 
system degenerative disorders including eorticobassl degeneration, demyelinating disease 
(multiple sclerosis, disseminated sclerosis), Freidrich's ataxia, motoneurone disease 

25 (amyotrophic lateral sclerosis, progressive bulbar atrophy), multiple system atrophy, 
myelopathy, radiculopathy, peripheral neuropathy (diabetic neuropathy, tabes dorsaiis, 
drug-induced neuropathy, vitamin deficiency), systemic lupus erythamatosis, 
granulomatous disease, oSivo-pormx rc »ellaj atrophy, progressive pallidal atrophy, 
progressive supranuclear palsy, spasticity: schizophrenia and related pyshoses; cognitive 

30 disorders including dementia Mzhei srsD ease, Frontotemporai dementia, multi-infarct 
dementia, AIDS dementia, dementia associated with Huntington s Disease, Lewy body 
dementia, senile dementia, age-related memory impairment, cognitive impairment 
associated with dementia, Korsakoff syndrome dementia pu t ton disorders such 
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as attention-deficit hyperactivity disorder (ADHD), attention deficit disorder, minimal brain 
dysfunction, brain-injured child syndrome, hyperkinetic reaction childhood, and 
hyperactive child syndrome; central nervous system injury including traumatic brain injury, 
neurosurgery (surgical trauma), neuroprotection for head injury, raised intracranial 
5 pressure, cerebral oedem; hydt d ischaemi a including 

transient ischaemie attack, stroke (thrombotic stroke, ischaetnic stroke, embolic stroke, 
hemorrhagic stroke, lacunar stroke) subarachnoid haemorrhage, cerebral vasospasm, 
neuroprotection for stroke, peri-natal asphyxia, drowning, cardiac arrest, subdural 
haematoma; myocardial isehaemia; muscle isehaemia; sleep disorders such as hypersomnia 
10 and narcolepsy; eye disorders such as retinal ischaemia-reperfuskm injury and diabetic 
neuropathy; cardiovascular disorders such as. claudication and hypotension; and diabetes 
aud its complications. 

According to a further aspect of the present in vention there is provided use of a compound 
15 of formula (!) or a pharmaceutically acceptable salt or prodrug thereof in the manufacture 
of a medicament for the treatment or prevention of movement disorders in a subject 

According to a farther aspect of the invention there is provided a method of treating or 
preventing movement disorders comprising administration to a subject in need of such 
20 treatment an effective dose of a compound of formula (I) or a pharmaceutical! y acceptable 
salt or prodrug thereof. 

According to a further aspect of the invention there is provided use of a compound of 
formula (I) or a pharmaceutically acceptable salt or prodrug thereof in the manufacture of a 
25 medi cament for neuroprotection in a subject. 

According u a further aspe< t of the rnvei » , here is provided a method of neuroprotection 
comprising administration to a subject in need of such treatment an effective dose of a 
compound of formula (I) ot a phai 1 rug thereof, 

30 

The medicament for or method of neuroprotection may be of use in the treatment of 
subjects who are suffering from or at risk from a neurodegenerative disorder, such as a 
movement disorder. 
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According to a further aspect of the invention, there is provided for use in therapy a 
compound of formula (I), or a pharmaceutical!}' acceptable salt or prodrug thereof. 

5 According to a further aspect of the invention, there is provided a compound of formula (I), 
or a pharmaceutical!}' acceptable salt or prodrug thereof, per se t other than compounds 
wherein R 2 is selected from pyrazolopyrimidines. In a preferred embodiment, there is 
provided a compound of formula <X>, or & pharaiaceutically acceptable salt or prodrug 
thereof, per se, wherein R 2 is selected from 5- or 6- numbered monocyclic heteroaryl 



According to a further aspect of the invention, there is provided a method of preparing the 
novel compounds of the present invention. Compounds of formula (I) may be prepared 
according to conventional synthetic methods, such as set. out in Reaction Scheme 1 

15 

Reaction Scheme 1 



Compounds of formula (1) where JEU is alkyl or substituted alkyl (including arylalkyl, 
20 heteroalkylaryi and (CRsHhOJRu wherein R u is C0 2 R s or CN) may be prepared from 
compounds of formula (2) by standard methods such as reaction with an appropriate alkyl 
halide or substituted alky! halide in the presence of a suitable base such as KaH, 



10 groups. 



(4) 
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Compounds of fonmrfa (1) where R4 is (CR 9 Rjo) b Ru wherein R u is CONR 6 R 7 or 
CONR5NR5R7 may be prepared torn compounds of formula (1) where R* is (CRt>Rio)oRn 
wherein R u is CO2R5 by standard methods such as direct reaction with an appropriate 
amine or hydrazine derivative or by initial hydrolysis of the ester group CO2R5 to a 
5 earboxyiic acid followed by reaction with an appropriate amine or hydrazine derivative in 
the presence of a standard coupling reagent such as DCC. 

Compounds of formula (1) where R* is (CR 9 R; 0 ) a Rn wherein R n is C(~NR 5 )NR 6 R7 may 
be prepared from compounds of formula (i) where R4 is (CR^RjokRn wherein R H is CN 
10 by standard methods such as treatment with an appropriate amine in the presence of 
trimethylalnminhmj. 

Compounds of formula (1) where R4 is CONR<sR7, wherein one of or R? is H, am 
prepared from compounds of formula (2) by standard methods such as reaction with an 
15 appropriate isoeyanate (R$NCG or R7MCO}, Compounds of formula (1) where R4 is 
CONRfiR?, wherein R 6 and are alkyl or aryi or are linked to form a heterocyclic group, 
are prepared from compounds of formula (2) by standard methods such as reaction with an 
appropriate carbamoyl chloride (R<sR 7 NCOCi) in the presence of a suitable base such as 
Et 3 N. 

20 

Compounds of formula (I) wherein R 4 is CONR^NRgR? are prepared from compounds of 
formula (2) by standard methods such as reaction with an appropriate carbamoyl chloride 
R«R 7 NR s NCOCl in the presence of a suitable base such as B13N. 

25 Compounds of formula (1) where R4 is COR5 or S0 2 Rs are prepared from compounds of 
formula (2) by standard methods such as reaction with an appropriate acid chloride 
(C1C0R«) or sulphonyl chloride (CJS0 2 Rg) in the presence of a suitable base such as Et 3 R 

Compounds of formula f I) where R4 is CO2R& are prepared from compounds of formula (2) 
30 by standard methods such as reaction with an appropriate ehloroformate (ClC0 2 R*) or 
dicarbonate (0(C0 3 R s ) 2 ) in the presence of a suitable base, if required, such as EtjN and in 
the presence, of a suitable catalyst, if required, such as DMAP. 



WO02/05S082 



23 



P€T/GSf!2/fKH)7S 



Alternatively compounds of formula (!) arc prepared from compound? of formula (3) by 
standard methods such as aryl coupling reactions. Suitable aryl coupling reactions would 
include reaction of a compound of formula (3) with a heteroaryl trialkyistannane, a 
heteroarylboronic acid < r 1 ie presence 

5 of a suitable catalyst such as a palladium catalyst. Suitable heteroaryl triaLkylstau.ua.oe, 
heteroarylboronic acid or boronic ester, or heteroaryl zinc halide reagents are either 
commercially available, known in the literature or may be synthesised by standard methods 
analogous to those described in the literature. J» certain cases it may be advantageous to use 
a protecting group to protect vulnerable functionality which may be present in the 
10 heteroaryl coupling partner. This would be particularly appropriate where the heteroaryl 
group R 2 is iraidazolyh pyrazolyi or triazolyl where protection of an unsubstituted ring 
nitrogen may be necessary to facilitate the coupling reaction. Suitable protecting groups in 
such cases would Include trimethylsilylethoxymethyl which can be introduced and removed 
at a convenient point in the synthesis » standard methods. 

15 

Compounds of formula (2) are prepared bom compounds of formula (4) by standard 
methods such as aryl coupling reactions as described above. Compounds of formula (4) 
where R t is alkyl, aryl, alkylthio, halogen and NR^R? are either known in the literature or 
are prepared by methods analogous to those described in the literature, 

20 

Compounds of formula (3) are prepared from compounds of formula (4) by standard 
methods such as those described above. Compounds of formula (3) where R, is alkyl, aryl, 
alkylthio, halogen or NR<sR? are either known in the literature or may be prepared by 
methods analogous to those described in the literature, 

25 

Compounds of formula (1) may alternatively be prepared by standard synthetic methods 
such as those illustrated in Reaction Scheme 2, 
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Reaction Scheme 2 




Compounds of formula (1) where R 5 is NR 6 R ?> alkoxy s aryloxy, alkylthio, arylthio or CN 
5 are prepared from compounds of formula (5) by standard methods such as treatment with 
an appropriate nudeophile such as an amine {HNR&R?}, alcohol, thiol or cyanide in the 
presence of a suitable base if required. 

Compounds of formula (5) are prepared from compounds of formula (6) by standard 
10 methods such as aryl coupling reactions as described above. 

Compounds of formula (6) are either known in the literature or are prepared by methods 
analogous to those described in the literature. For example compounds of formula (6) are 
prepared from compounds of formula (?) by standard methods such as treatment with a 
15 chlorinating reagent such as PQG 3 . 

Compounds of formula (7) are either known in the literature or are prepared by methods 
analogous to those described in the literature. For example compounds of formula (7) are 
prepared from compounds of formula (8) by standard methods such as heating in the 
20 presence of urea. Compounds of formula (8) are either known in the literature or are 
prepared by methods analogous to those described in the literature. 

Compounds of formula (I) where R x is MRsCORe, NR 5 C0 2 Rs or NR5SO2R8 wherein R 5 is 
H, alkyl or aryl, are prepared from compounds of formula (1) where R, is NR$R 7 , wherein 
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* i t' < t i i t v s i or as i > i t i on 

with an appropriate acid chloride (ClCOR ft ), chloroformate (C1C0 2 R S ) or sulphonyl 
chloride (CIS0 2 R 8 ). 

5 Compounds of formula (1) where R, is NR 5 CONR 6 R7 wherein R s is H, alkyl or aryl, are 
prepared from compounds of formula (1) where Rj is NR^R?, wherein one of Rg or R? is H 
•and the other is alkyl or aryl, by standard methods such as reaction with an appropriate 
isocyanate (R<NCO or R 7 NCG) or an appropriate carbamoyl chloride (R^NCOCl), 

10 Compounds of formula (1) where R 3 is H ; alkyl, halogen, GR 5 , SR S or NRgR? may he 
prepared by the methods described above. Suitable intermediates such as compounds of" 
formula (3) and (4) where R 3 is as described above, are either known in the literature or are 
prepated b> I s to those described in the literature, 

15 In the compounds of the present invention, where any of the groups Ri to R s is an alkyl 
group or aryl group or where any of the groups Rj to Kg contains an alkyl or aryl 
substituent, the alkyl or aryl group may also be substituted. It will be appreciated by those 
skilled in the art that certain subshments on the alkyl or aryl groups mentioned above may 
be introduced directly as an integral part of the substituent Rj to Rs by using the synthetic 

20 methods described above. In other cases it may be advantageous to introduce certain 
substi merits on the alkyl or aryl groups mentioned above by chemical transformation of 
other substituent groups. For example where the alkyl or aryl group mentioned above 
contains an amino substituent this may be converted by standard methods to an alkyl amino 
or dialkylamino group by standard methods such as alkylation or reductive alkylation, or to 

25 an amide, carbamate, urea or sulphonamide by standard .methods such as those described 
above. Additionally, for example, where the alkyl or aryl group mentioned above contains a 
earboxylic ester substituent this may be converted to an amide or hydrazide derivative by 
standard methods such as reaction with an amine or hydrazine directly or in the presence of 
a catalyst such as MesAl if required. It will be appreciated by those skilied in the art that 

30 substituents such as an amino group or a earboxylic ester group may also be transformed by 
standard methods to a wide range of additional substituent groups. 
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\ccordmj to a further aspect of the invention, fecit is provided i 
composition mr n < . i r 1 formula 0 i ombination with a pharmaceutical!} 
acceptable carrier or excipient and a method of making such a composition comprising 
combining a compound of formula (I) with a pharmaceutical!}' acceptable carrier or 
5 excipient. 

The pharmaceutical, compositions employed in the present invention comprise a compound 
of formula (I), or pharmaceutical! y acceptable salts or prodrugs thereof, and may also 
contain a pharmaceutical! y acceptable carrier and optionally other therapeutic ingredients 
1,0 known to those skilled in the art. The term, "pharmaceutical]}' acceptable salts", refers to 
salts prepared from pharmaceutical! y acceptable non-toxic acids including inorganic acids 
and organic acids. 

Where die compounds of formula (I) are basic, salts may be prepared from 
15 pharmaceuticaily acceptable non-toxic acids including inorganic and organic acids. Such 
acids include acetic, benzenesulfonic, benzoic, cainphorsulfonic, citric, eihenesolforuc, 
■fumade, gluconic, glutamic, hippuric, hydrobromic, .hydrochloric, isethionic, lactic, rnaleic, 
malic, mandelic, methanesulfonie, mucic, nitric, pamoic, pantothenic, phosphoric, succinic, 
sulfuric, tartaric, oxalic, p-toluenesulfonic and the like. Particularly preferred ate 
20 hydrochloric, hydrobromic, phosphoric, and sulfuric acids, and most particularly preferred 
is the hydrochloride salt. 

Any suitable route of administration may be employed for providing the- patient with an 
effective dosage of a compound of formula (1). For example, oral, metal, parenteral 

25 (intravenous, intramuscular), transdermal, subcutaneous, and the like may be employed. 
Dosage forms include tablets, troches, dispersions, suspensions, solutions, capsules, 
patches, and the like. The most suitable route in any given case will depend on the severity 
of the condition being treated. The most preferred route of administration of the present 
invention is the oral route. The compositions may be conveniently presented in unit dosage 

3.0 form and prepared by any of die methods well known in the art of pharmacy. 

In practical use, the compounds of formula (I) can be combined as the active ingredient in 
intimate admixture with a pharmaceutical carrier according to conventional pharmaceutical 
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compound : eohniques The carrier may take a wide variety of 1 m pern ing on tl e 
form of pre irsd for admimstj-ation e.g oral or parenteral (e.g. intravenous). In 

preparing the compositions for oral dosage form, any of the usual pharmaceutical media 
may be employed as carriers, such as, for example, water, glycols, oils, alcohols, flavouring 
5 agents, preservatives, colouring agents, and the like in the case of oral liquid preparations 
(such as suspensions, solutions and elixirs) or aerosols; or carriers such as starches, sugars, 
micro-crystalline cellulose, diluents, granulating agents, lubricants, binders, disintegrating 
agents, and the like may be used in the case of oral solid preparations such as, for example, 
powders, capsules, and tablets, with the solid oral preparations being preferred over the 
1 0 liquid preparations. The most preferred solid oral preparation is tablets. 

Because of their ease of administration, tablets and capsules represent tire most 
advantageous oral dosage unit form in which case solid pharmaceutical earner's are 
employed. If desired, tablets may be coated by standard aqueous ox non-aqueous 
15 techniques. 

In addition to the common dosage forms set out above, the compounds of formula (I) may 
also be administered by controlled release means and/or delivery devices such as those 
described in United States Patent Nos.: 3,845,770; 3,91.6,899; 3,536,809; 3,598,123; 
20 3,630,200; 4,008,719; 4,687,660; and 4,769,027, the disclosures of which, are hereby 
incorporated by reference. 

Pharmaceutical compositions employed in the present invention suitable for oral 
administration may be presented as discrete units such as capsules, cachets, or tablets, or 

25 aerosol sprays each containing a predetermined amount of the active ingredient as a powder 
or granules, a solution or a suspension in an aqueous liquid, an oil-in-water emulsion, or a 
water-in-oil liquid emulsion. Such compositions may be prepared by any of the methods of 
pharmacy, but ail m t * t ! r 'i J >f bri n > f c e > association 

with the carrier which constitutes one or more necessary ingredients. In general, the 

30 omposition pared by unifon d snt ly adm c vj s 

liquid carriers or finely divided solid carriers or both, and then, if necessary, shaping the 
product into the desired presentation. 
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For example, a tablet may be prepared by compression or moulding, optionally with one or 
more accessory ingredients. Compressed tablets may be prepared by compressing in a 
suitable machine the ac;:*-e - i; ,\i . ■ . ' ■ - : hr:.: such as .^vsder or granules, 
optionally mixed with a binder, a lubricant, an inert diluent, and/or a surface active or 
5 dispersing agent. Moulded tablets may be made by moulding in a suitable machine a 
mixture of th jowderedeom) moi i 1 i \ t id diluent 

The invention is further defined by reference to the following examples, it will be apparent 
to those skilled in the art that many modifications, both to materials and methods, may he 
10 practised without departing from the purpose and interest of this invention. 

EXAMPLES 

Synthetic Examp les 

15 

The invention is illustrated with reference to the following Examples, as set out in Table 1 
The synthesis of these compounds is performed using the general Synthetic Methods A to 
Q described hereinafter. The Synthetic Method used for the preparation of each Example is 
given in parentheses in column 1 of Table 1. Analytical data are given in Table 2. 

20 

Table I 



Example 


Structure 


Compound Name 


1 

(B) 




6-chloro-4-(2-ldryl)-i-(2-pheriylediyi}-iH- 
pyrazoio[3,4-d3p>Ti.raidine 


2 

m 


r 
A, 
\j 


4K2~fwyl)-N,N~dimetbyl4-(2~phenylethyi)-iH- 
pyrazolo[3,4~d]pyrimidifle-6-amine 


3 

(O) 


O 

Q 


4<2-fur>'i)-N-(2diydm>xyethyl).l-(2-phenylethyl)- 
lH-pyra2oloi3,4-djpyrimidine-6-amjne 


4 

(B) 




rerr-butyl 6-ammt>4-(2-furyl)-lH-pyraz.olo[3,4- 
d]pyrimidine-i-carbox>4ate 
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5 

(Q 




4-(2-fui7l)-lH-pyrazc?jo[3,4-djpyninidnie-6~araiiJe 


6 

(P) 




6-amiao-M-benzyl-4-C2^uryI)-lH-pyTJtzolot3 ! 4- 
djpyrimidiiie-l-carboxamide 


7 

CP) 




I -ben zyl -4~(2- furyl)-! H-pye azolop ,4-dJpyrijnidi ne- 
6-sxaim 


S 

(15) 




l-(3^blorobenzyj)-4-(2-&r>'l)- lH-pyrazolo{3 A- 
d]pyrimidine-6-aniine 


9 

CD) 


o 

Cut 


4-(2-furyl)- 1 -(4-nitrobeRzyl)- 1 H-pyrazolo[3 f 4~ 
d jpyrimi dine -6 - amine 


10 
P) 




l-(3-cyanobenzyI)~4-(2-fiiry!)- lH-pyrazolo|;3 ,4- 
d]pyrkttidine-6~araine 


n 

0>) 




l<2-chiorobenzyl)-4-C24ia-yl)-IHrp>Tazo1o[3 1 4- 
djpyrimi dine- 6 -amine 


12 
<P) 




4-(Moi7lH-(3^teybettzyl)~iH-pytasEoi0|3,4" 
d]pyri mi dlne-6-amine 


13 

(D) 


" b> 5 nor 


4-(2'f«ryl)-l,N ! N-r.ris(3-methoxybenzyl)-lH- 
p)TazoIo[3,4-d3p>djnidme-6-amine 


14 

(P) 


Of " 


l^(2-fluorobei^ylW2-futy]>lH-pyrazoloC3,4- 
djpyrimidine-6-amme 


15 

CP) 




4-(2-fiif>'i>- l-(3-metfaylbenzyl)- 1 H-pyrazolop A- 
d]pyrimidrae-6~aniiije 
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16 
(D) 


4i 

Qr 


me&yl 3~(6-amino-4-C2~fui-yl)- 1 H-pyrszoio[3,4- 
d3inT5rnidin-l-ylmethyl)benxoaie 


17 
CD) 




4-(2-furyl)-l-(4~suIphonylbenz} 1)- 1 I t yrazok}[3,4- 
d] p ymril dine-6-amine 


18 
(D) 


f 
<Xi, 

6 


4^2-furyl)-l-(2-pheny]ethyi)4H-pyra2:o]o[3 t 4- 
d3pyriraidine-6~amine 


19 
CD) 




I-cyclo.hexy]methyl-4-(24xir>1)4H"pyr^oto[3,4- 
d'jp>Tirmdine-6-amine 


20 
(G) 




3K6-araino-4«(2-fcayl)-l H-pyrazoIo[3 ,4- 
d3pyriimdin-l-ylmettiyl)benxoic acid 


21 




4~(2-futyIM -( 1 -methyleihyl)- lH-pyxazoJoP^ 
d | pyi jnnidine-6-ainine 


22 
CD) 




p>TazoIo[3,4-d]pyrimidine-6~amme 


23 
(D) 




4-(2~furyl>-l-«-penty1-lH-pyra2o]oC3,4- 
d]pyriir«diBie-6-arome 


24 

CP) 


or ' 


l<2 ! 6-difi«orobemyl)-4-(2-fiir>'l)-lFl-p>TOKolo[3,4- 
d j pyrimi dine-6-araine 


25 
CD) 




4~(24\jryl)~i- (3-pyri dylmethyl)- lH-pyrazolo!3 ,4- 
djpynjtTii tii ne-6-amine 


26 
(D) 




etfeyi 6-amino-4'(2-.fmyl)-lH-pyrazolo[3 5 4~ 
dlpyrimidi n~l -ylaeetate 
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27 
(0) 




oaimnn-4-C-tuivJMH-pviy- • <[3 l-nnixadtn-l- 
i lie acid 


28 

m 




l-(2-fi«orobenKyl)-4<2-&ieByi)4H-p\Tazolo[3 s 4- 
d]pyrimidine~6~amme 


29 
(H) 




6-aixdno-4-(2-fui-yl)-N -(2-pyridyI)- 1 H-pyrazoIo[3 ,4- 
djpyrimidm-i-yjacetanxide 


30 

. m 




4-(2-fmyl)-.l.-(3-mirobe-5izyi)-iH-pyrazolo[3,4- 
dJpyximidine-6-atmne 


31 
CD) 




4~(2-foryl)-l-(3~phenylpropyI)-IH-pyra2olo[3,4> 
d]pytimidme-6-amine 


32 
CE) 


/IP? 


i-(3-attdnobei52y3)-4-(2-fur^)-lH-pyrazolo[3 J 4- 
d j p yrimi dme-6-aiaine 


33 

m 


Of"" 


lK2-fluorobenzyI)-4-(2~p>Tidyl)~lH^pyrazQ]o[3 > 4- 
d]pyrimidine-6~amme 


34 
(fi) 


Mas 


6-antt»o-N-benzyM-(2-fiayl)-lH-pyKBolo[3,4- 
d]pyri midin- 1 -ylacetatni de 


35 

m 




6-amino-4-<2-f«ryl)-N-phenyl-.lH-pyra2oloI3 1 4- 
d'jpyrinudin-l-yJacetamide 


36 
(ID 




6-ammo-N-{3-chk>robenzyI)-4-(2-furyI)-lH- 
pymzGlo[3,4-d]pyriiBidtn~l-ylacetaBiide 


37 

m 




6-awino-4-(2-furyi)-N-{2-furylmcthyi)-lH- 
pyraxolo['3,4-d]pynxiiidiR- 1 -ylacetamide 
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38 
(J) 


O: ' 


l-{2-f1uorobe«xyi)-4-(2-tMazolyl)-iH-pyra7.o1o[3 : 4- 
d]pyri3ffidine~6-amme 


39 
(X» 




4<2-furyl)4-{2-fury]methy!)-lH-pyrazolo[3 ( 4- 
d]pyrinxtdme-6-amme 


40 

(F) 




4-{2-f aryl)- 1 - (4-mct h y Iphen ylsu I phon yl)- IB- 
pyra20lo[3,4^1]pynmidme-6-ami»e 


41 

(J) 


of ' " 


lK2-fluoK>benzylHK^XRethyl-2-iimdazoiy})-3H- 
pyrazolo[3 ; 4-djpyrmiidine-<>~ami»e 


42 
(K) 




l-(24Iuoix*srizyl)-4~(2~imidazoIyl)-i.H- 
pyraxoJotS^-djpyTimidine-e-amine 


43 
(H) 


C 


6-aniino^(24ury!)-N-(3-taethox\^henyl)-IH- 
pyrazoIoP,4~d3pyrixnidlR~l-y1acetainide 


44 

m 




6-aaiiao-4<2-f«ryl)-Is-(2-phenyIeti)yi)-lH- 
pwazo]o[3,4-djp>Timk1in--i--yiacetan3ide 


45 
(H) 


j - Cut 


6-ammo~N-(2-'fluoropheiiyl)~4-(2-furyl)-iH- 
pyrmilo|3,4-d]pyrimidni-l-yIacetaniide 


46 
(D) 




3-(6~aJKino-4-(2-f oiyl) - lH-pyrazolo[3 ,4- 
d]pyrimidjn4-ylinethyl)-N-methylbenzam}de 


47 
(D) 




3-<6-aiiiino^-(24:ur>'])-i.H-py.razoj.of3 > 4 
d3pyrimidin-l-y]methyl)-N,N-d^methy{benza»iide 


48 
(H) 




6-ami«o-4-(2-fm-ylVN-(2-inetlioxybeiizyl)- 1H- 
pyriioidiH 1-ylacetaxnide 
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49 

[ (K5 

L_ 


/-VS. / N ^ 


6-amino-N-{2-fluoaibenzyl)-4-t-"ftiryI>-IH~ 
pyra'io]o[3 y 4"d]p mi* ' i ' ai <- ; 


50 
(K) 




l-(4-jmethyIbenzyl>4-ClH-pyra2oi-3-yI)-lH- 
p izo!o[ ' J! ' i n > j -6 di 


51 
(K) 




H2-floo^berizyl)^(l l 2,44ria2-ol-3-yI)--lH- 


52 
{0} 


Q J 


4-(24ui7l)-l<2-ifutrob^nzyI>-IH--pyra2oio[3 s 4- 
djpyrinddme~6-aiiane 


53 
(F) 




N-(4-(2-f«ryl)4-(3-(2- 

thiophene.su]phonaimdo)}benzyI)-iH-pyra2ojo[3,4-- 
d]pynmidins-6-y})-2-thiophejiesalphonamide 


54 


c 


N-((3--(6-a«iino-4-(2-furyi)-lH-pyrasolo[3,4- 

d3pyri0iidine-l-yimsthyl}phenyI-2- 

thiopfcenesuiphonainide 


55 
(K) 




I-(2-flaorobenzyI)-4-(3-pyi'a2oIyi)-lH"pyra2olo[3,4- 
djpyriroidi ne-6- ami ne 


56 
(E) 




1^2-aaum>benzyl>4-(2-furyl)~lH~pyrazolop J 4- 
djpyri.iuidine-6-3in.i'ne 


57 

(F) 


o 


N-({3 (6-am{no-4-{2~fary!) ill j ra do 3,4- 

d]pyTimidme-J-yliT$ethyi)j)hen>1-l-inetliyl-lH- 

ijaiidazol-4-sulphonamide 


58 




H3-nitrobenayl)-4>{l,2,4-triazo1-3-yl)-lH- 


59 
(K) 




l-(3-niteobenzyl}~4~(3-pyrazoiyl)-iH-pyrazolo[3 s 4- 
d ] py ri mi dine-6- amine 
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60 

(E) 




I -i :uno*vn/yl »-4-(lZ4-triazol-3-y])-lH- 
pytQZt 1 )[3,4 djpyrim dim 6-amine 


61 

(?) 




l-(3-iiJtobenzyi)4-(24Mazolyi)-lH-p>'razolo[3 ? 4- 
d]pyrimidme-6-a*mne 


62 
(E) 


Y 


l<3^a5i«nobefixyi)4-(24hiazolyi}-4H--pyiazo3o|'3 ! 4- 


63 
(E) 




H3-aminobeazy]>4-(lH-pyfazoi-3-y3)4H- 
pyraz ol o[ 3,4~d] pyrinii dine -6- amine 


64 

m 




l>(3-i«ethoxybenzyi>4'(lH-pyrazol-3-yl)-lH- 
pyrazoki[3 ! 4-djpyTimidir)e-6-amine 


65 

<Q> 


b 


4-{2-furyl)-l -{44ndolyknethyl> IH-pyrazol o[3 ,4- 
d]pyrimidine-6-amme- 


66 
CD) 




*«*«butyl 4^6-amxno-4-<2-ftjryl)«lH-pyfazdol3,4- 
djpyrimidine-l -ylmethyl)indole- i -carboxylat© 



Synthetic Methods 

5 Method A 

fejrt-Bufcyr6-aminG^chlOT^ 

A solution of 2-animo-4 -ehioro 1 1 1 raz.oloP.4-d 5 tm ol) in BMP 

(5 nil..) was treated with Et*N (834 pL, 6 mmoi), di-r-bntyl dicarbonate (1.33 g, 6 mmol) 
and a catalytic amount of DMAP, stirred at room temperature for I h, poured into water, 
10 extracted with EtOAc, dried (MgS0 4 ), concentrated in vacuo and purified by 
chromatography (EtOAc : Heptane, 1:1) to give the title compound (312 mg, 23 %) as a 
cream solid. 
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Method B 

tert'Butyl 6-ami«o-4424uryl)-lH-pyrazf^ (Example 
4} 

A solution of tert-bwtyl 6-amino-4-cMoro-lH-pyra2o1ot3,4-d]pyrimic!ine~l-cafboxyIate 
5 (269 nog, I romol) in DMF (2 mL) was treated with PdCi 2 (PPha) 2 (35 .rag, 0,05 ramoi) and 
2~(tributyIstanny3)furaR (315 pL, 1 mmoi), stirred at room temperature for 16 h and trie 
resulting solid filtered and washed with EtOAc to give the Me compound (298 mg, 99 %) 
as a cream solid, 

10 Method C 

4<24^ry3)aH-pyr«^olo[3,4-d]pyrmiidine-6-arame (Example 5) 

A solution of rert-butyi 6~armno^{2-mrvl)-IH~p}w^ 

(204 mg, 0.6S romol) in MeOH (2 raL) was treated with diraethylamme in water (0.5 mL, 
40 %), refluxed for 1 h, cooled and the resulting solid filtered and washed with water to 
15 give the title compound (95 mg, 70 %) as a cream solid. 

Method P. 

l~(2-FfoorobenzyIM-(2~fui70^^ 

A solution of 4-(2-furyl)~lH-p>wolo[3,4-d3pyrimidine-6-aRitne (219 mg, 1 inmol) in 
20 DMF (2 mL) at 0 *€ was treated with NaH (40 mg, 60 %, 1 romol), starred for 20 mm, 
treated with 2-fiuorobenzyl bromide (120 uL, 1 romol), stirred at room temperature for 1 h, 
quenched with water, extracted with EtGAe, dried (MgS04), concentrated in vacuo and 
purified by chromatography (EtOAc : Heptane, 1:4) to give the title compound (250 mg, 76 
%} as a erearo solid. 

25 

4-(2«Furyl)-M3-»itrobei^^ 

A solution of 4-(24\n-yi)-lH-pyra^!oC3 s 4-dJpyrijnidine-6-amiae (603 rag, 3 romol) in 
DMF (3 mL) at 0 °C was treated with NaH (120 mg, 60 %, 3 ramol), stirred for 20 min, 
r< 11 i 1 ' I bromi (648 mi mmol) a i m raum I h, 

30 poured into water, extracted with EtOAc, dried (MgS0 4 ) and concentrated in vacuo. The 
crude product was purified by chroroat 5pl u <><\v. Heptane, 1:1) to give the title 
compound as a creai . id (472 mg, 47 %) A portion of the solid (70 mg) was suspended 
in MeOH, treated B< -1 in dioxan (4-M, 1 raL), diluted with diethyl ether and filtered to 
give the hyc c salt of the title compound (79 mg 10< yellow solid. 
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This was prepared from 4-chloro-lH-pymzolo[3 ; 4-d]pyrimiiiine~6~amiBe by Method D to 
give the ffcte compound (562 njg, 34 %) as a cream solid: rap 197 - 198 °C; NMR S H (400 
5 MHz, CDCfe) 5.23 UH, br s), 5.51 (2K s). 7.03-7.16 (3H, m), 7.23-731 H.H. m) and 7.91 
(1H, s); IR \W (Nujoiycm' 1 3489, 3288, 3169, 2923, 1631, 1454, 1378, 1223 and 760; 
Retention time ; 2,60 mis, 

4*CMaro.l-(3Hmthoxybe^ 

10 This was prepared from 4<h1om-lH-pyTazolo[3,4-d]p>Mniidine-6-amiriB by Method D to 
give the title compound: IR v„ (DR)/ctn 1 3435, 3321, 3217, 2923, 1603, 1456, 1378, 
1254, .1.155, 1034, 9S0 and 788; NMR 8 H (400 MHz, DMSO) 8.03 (1H, s), 7.32 (2H, br a), 
7,22 (1H, t, J 7.5 Hz), 6.84 (1H, dd, 79.0, 3.5 Hz), 6:79 - 6.75 (Hi, m), 6.71 (1H, d, / 8.5 
Hz), 5.36 (2H, s) and 3.71 (3H, a). 

15 

Method £ 

H3-Anu»oben2^ {Example32) 

A suspension of 4-{2^hryi>H3^^^ (396 
mg, LIS traaoi) in BOH' (5 mL) was heated to 50 T, treated with a solution of 
20 SfiCl-..2H 2 0 (798 mg, 3.54 mmoi) in cone. HC1 (1.8 mL), stirred at 50 °C for 2 h then 
heated at 70 f! C for 2 h. 'The reaction mixture was cooled, basified (5-M NaOH) filtered and 
the resulting .solid suspended in MeOH, treated with HC1 in dioxan (4-M, 2 mL), diluted 
with diethyl ether and filtered to give the Me compound (419 mg, 94 %) as a yellow solid. 

25 Method F 

tMophenesulphonamide (Example 54) 

A solution of H3-armt)©benzy^ (153 
mg, 0.5 mmoi) in pyridine (2 mL) was treated with 2-thiophenesulphonyl chloride (91 mg, 
30 0.5 mmoi), stirred at room temperature for 16 h, poured into water, extracted with EtOAc, 
dried (MgSQ 4 ), concentrated in vacuo and purified by chromatography (MeOH : DCM, 
1:99) to give the title compound (49 mg, 22 %) as a cream solid. 
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Method G 

G-Aintao^K^tory'iV^ (Example 27) 

A solution ot ethyl 6-amino 4~<2-1 

L22 mmol) in MeOH (2 mL) was treated wkh NaOH (1~M, 1 raL, 1. mmol), refloxed for 1.5 
5 nun, cooled, acidified and fiit< red 1 ive the title compound (300 mg, 95 %) as a white 
solid. 

Method H 
10 (Example 29) 

A solution of 6-amino4-(2-fm7l)-iH-pyraEoio[34-d]pyjimidin-l-ylacetic acid (200 mg, 
0.77 mmol) in DMF (3 raL) was treated with carhonyl diimidazole (125 mg, 0.77 mmol), 
stiired at room temperature for 2 h. treated with .2-aramopyrtdine (72 mg, 0.77 mmol), 
heated to 50 °C for 3 h, cooled and diluted with water. The resulting white solid was 
15 filtered, suspended in MeOH, treated with HQ in dioxan (4-M, 1 mL) dilated with diethyl 
ether and filtered to gi ve the Me compound (187 mg, 59 %) as a yellow soM, 

Method! 

H2-Fluorobenzyl)>4K2-thie^ 

20 A stirred solution of 4-ehlaro4K2-fiuorobenzyl)-lH-pyrazoIo[3,4-dip>Timidine"f>- 
amine(139 mg, 0.5 mmol) in dry THF (10 mL) was treated with 2-thiopheneboronic acid 
(128 nig, 1.0 mmol), PdXPPhsMSO mg, 10 mol%) and saturated aqueous NaHCOj solution 
(2 mL), refiuxed for 30 min, diluted with H 2 0, extracted with EiOAc, dried (MgS0 4 ) and 
concentrated in vacuo. The resulting dark brown oil was purified by chromatography [Si0 2 ; 

25 heptane:EtOAc (1:1) then (L3)] to give the title compound (32 rag, 20 %) as a cream solid. 

Method! 

H2«Fhioreben2ylM (Example 
38) 

30 A stirred solution of thiazole (0.14 mL, 2 mmol) in dry THF (10 mL) at -78 °C, ander 
argon was treated n-BuLi (1.6-M in hexanes, 1,25 mL, 2 mmol), stirred for 15 mm, treated 
with ZnCla solution (1-M in EfeO, 2 mL, 2 mmol) then allowed to warm gradually to room 
temperature. The mixture was treated with 4-cfiioio-l-l"- ) f ' ' i /razolo[3,4 
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a v i ine f rag, .1 mmol) Pd(PPh 11 i V > re fluxed fo 
h, diluted with saturated HEfCl solution, extracted with EtOAc, dried (MgS0 4 ) and 
concentrated in vacuo. The resulting brown oil was purified by chromatography [Si0 2 ; 
heptane:EtOAe (4:1) then (3:1)] to give the (Me compund (101 rag, 31 %) as a cream solid, 

5 

Method K 

M2»Ftoorobenzyi)^ (Example 
55) 

A stirred solution of l~(2~trimethylsiiylethyl)pyra2ole (615 mg, 3.1 mmol) in dry THF (10 
10 mL) at -78 0 C, under argon was treated with n-BuLi C1.6-M in hexanes, IS mL, 3.1 
mmol), stirred for 20 .mm, treated with ZnCl? solution (1-M in EtjO, 3.1 mL, 3,1 mmol) and 
allowed to warm gradually to room temperature. The mixture was treated with 4-ch1of6<?l» 
(2-fiuorobenzyl>lH-p}aazolo[3,4-djpyr!midme~6-amrae (430 mg, L55 mmol) and 
Pd(PP.h3) 4 (170 mg, 10 mol%), reiloxed for 1 h, diluted with saturated NH4CI solution, 
15 extracted with EtOAc, dried (MgSC^) and concentrated in vacuo. The resulting brown oil 
was purified by chromatography [Si0 2 ; heptane-BtOAc (3:1)] to give the coupled product 
as a cream solid. This material was dissolved in MeOH (10 .mL), treated with anhydrous 
HC1 (4-M in dioxan, 5 mL), stirred for 17 h, concentrated in vacuo, diluted wife Et->0 and 
filtered to give fee title compound (216 mg, 40 %) as a cream solid. 

20 

Method L 

5'An«no-1-(2-phenyletliyl)-lH-pyraxote-4-earboxylieacid 

A mixture of cone. HaSQ* (15 mL) and water (15 mL) was treated with 5-aniino~l-(2- 
phenyiethvl).lH-pyraKole-4-cai'bonitrile (5.0 g, 23.6 mmol), heated at 60 0 C for I h, poured 
25 into water, extracted with EtOAc. dried (MgS0 4 ), concentrated in vacuo, and recrystallised 
(EtOAc/MeOH) to give the title compound (2.53 g, 47 %) as a cream solid. 

Method M 

6-HydTOxy442-phmylethyl)-lH.pyrazoIo[3,4-dlpyrinMdin-4-ol 

30 A mixtore of 5-amino4-(2-phenylethyl)-lH-p,vTazole-4-carboxylic acid (1.87 g, 8.1 mmol) 
and urea (L46 g, 24 mmol) was heated at ISO ^C- for 5 h, cooled and the resulting solid 
suspended in boding water, filtered and washed with water to give the impure title 
compound (2,18 g, 105 %,) as a cream solid. 
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Method N 

4,6-I>ichloro«l-(2-phenyle^ 

A solution of 6-hydroxy-l-(2-phenylethy]) LH-pyi zoloj $ 4 d pyj raidin-4-ol (2.13 g, 8.32 
5 mmol) in PhPOCb (8 mL) was heated to 165 for 16 h, cooled, poured onto Ice and the 
solid isolated by filtration. The solid was suspended in DCM, filtered through a silica pad 
and the filtrate was concentrated in vacuo to give the title compound (556 mg, 23 %) as a 
colourless oil 

10 Method O 

4^F.uryl)-NK24iydrt^ 
ami ne (Example 3) 

A solution of 6-ehloro-4-(2-fnr} - ! I iyjcthyi)-JH-pyfa2olo[3 t 4-d]pyriiai(finc (162 
.mg, 0.5 mmol) in NMP (1 mL) was treated with ethanolsmine (60 uL, 1 mraol), heated at 
15 100 °£ for 16 h, cooled and purified by chromatography (EtOAc : Heptane, 2:1). The 
resulting colourless oil was crystallised (MeOH/water) and filtered to give the tMe 
cantpound ($00 mg, 57 %) as a white solid. 

Method P 

20 jMtinrao-N-be*^^ 
(Example 6) 

A solution of 4-(24uryl)4H-pyra5^b[3 s 4-djpynmidine-6~aniine (210 mg, 1 aunol) in 
BMP (2 mL) was treated with benzyl isoeyanate (123 ^L, 1 mmol) and a catalytic amount 
of DMAP, stirred at room temperature for 1 h, poured into water, extracted with EtOAc, 
25 dried (MgSCU), concentrated in vacuo and purified by preparative HPLC (MeOHZHbO 
i the title a >m p< wui (80 m 24 < , ) 4s a pale yellow solid. 

Method Q 

4424%ryI)4-(4-mddylme^ (Example 65) 

30 A solution of *?«-hutyl 4-(6~ammo^{2-furylMH~pyr^^ 

i 1 ted with 

NaOMe (45 mg, 0.84 mmol), refluxed for 2 h, cooled, diluted with water (15 mL) and 
filtered to give the title a mi >und : • • 82 %) as an off white powder. 
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Table 2 - Analytical data 

5 HHLC k carried out using the following conditions: Column. Supelcosi! ABZ 3 " (170 x 4.6 
mm), particle size 5 mM, mobile phase MeOH : 10 inM aq NH*OAc (80:50), flow rate 1 .0 
mL/fflk, detection wavelength X « 230 nM. Retention times ate provided in Table 2, 



Physical Data 



Mp 85.1 - 85.6 °C; IR v m .< (Nujoiycm" 1 2925, 2854, 1604, 1562, 1465, 
1377, 1334, 1148, 1014 and 926; NMR (CDdj) 8.48 (1H, s), 7.80 (1H, 
d, J 1,2 Hz), 7.60 (1H, d, / 3.6 Hz), 7.27 - 7.17 (511, m), 6,69 <1H, dd, / 
3.6, 2.0 Hz), 4.69 (2H, ra) and 3.26 (2H, t, J 8.0 Hz); Anal Calcd for 
CnHuChNUO: C, 67.89; H, 4.00; N, 17.24. Found: C, 62.70; H 5 4.06; N, 
16.99. 



Mp 90.9 - 91.1 °C; IR v«„ (Hujo.l)/cm l 2926, 2855, 1609, 1584, 1549, 
1488, 1456, 1401, 1160, and 1010; NMR (CDClj) 8.21 (1H, s), 7.71 (1H, 
d, / 1.0 Hz), 7.36 (1H, d, J 3.3 Hz), 7.28 - 7.17 <5H, m), 6.61 (tH, dd, J 
3.4, 1.8 Hz), 4.53 (2H, m), 3.28 (6H, s) and 3.23 (2H, i, J 7.8 Hz); Anal. 
Calcd for C»H»N s O: C, 68.45; H, 5.74; N, 21.00, Found: C, 68.40; H, 
5.77; N, 20.90. 



3 ! 57 



Mp 118.6 - 119.3 °C; IR v M {Nujoi)/erri 3317, 3099, 1613, 1568, 1543 
and 1481; NMR 8» (400 MHz, CDC1 3 ) 3.21 (2H, t, J 7,5 Hz), 3.60 - 3.68 
(2H, m), 3.83 - 3.89 (2H, m% 4.51 (2H, t, J 7.5 Hz), 5.61 (1H, s), 6.59 - 
6.63 (1H, ffi), 7.15 - 7.28 (5H, m), 7.32 -737 (1H, ml 7.69 - 7.74 (1H, 
m) and 8.22 (1H, s); Anal. Calcd far C iS ,H 3 <N 5 0 3 ; C, 6532; H, 5.48; N, 
20.03. Found; C, 65.24; H, 5.48; N, 19.91. 



Mp 261 .9 - 262.7 °C; NMR 8 H (400 MHz, DMSO) 1.61 (9H, s), 6.79 - 
6.82 (1H, m), 7.18 (2H, s), 7.44 (III d, J 3,0 Hz), 8.08 (1H, s), 8.42 (01, 
s); Anal. Calcd for CuHttN&b • 0.4 H 2 0: C, 54.50; H, 5.16; N, 22.70. 
Found: C, 54.84; % 5.18; N, 2235. 
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Mp 237,5 - 23S.2 »C; IR \W (Nujol)/em 4 3498, 3341, 3210, 3134, 
2924, 2854, 1663, 1639, 1596, 1561, 1463 and 1377; NMR S H (400 
MHz, DMSO) 6,70 (2H, s), 6.76-6,78 (Hi m) t 7.40 (1H S d, 7 3.5 
S.04 (1H, s), 8.21 (1H, s) and 12.99 (1H, s). 


6 


24 


Mp 17! .2 - 171.6 C C; iR v vojol \ l 3 16 1 , 3307, 3200, 3063. 
3029, 1643, 1613, 1576, 1557, 1479 and 1379; NMR Sh (400 MHz, 
DMSO) 4,56 (211 d, J 6.0 Hz), 6.S.I - 6.83 (1H, m), 7.23 - 7.30 (1H, m), 
7.30 - 7.41 (5H, m), 7.49 (1H, d, /3.5 Hz), 8.10 (1H, s), 8.4? (1H, s) and 
9.30 (1H, t, J 6.2 .Hz); Anal. Calcd for CnH^Os - 0.5 H 2 0: C, 59.47; 
H, 4.40; N, 24.48. Found: C, 59.75; H, 4.22; N, 24.45. 


7 
8 


37 


Mp 189.6-189.8 °C; IR v** (Nu[ol)/cra~ 3 3324, 3195, 2955, 2854, 1655, 
1580, 1563, 1514, 1483, 1446 and 1432; NMR S H (400 MHz, DMSO) 
8.27 (IB, $), S.06 (IE d, J L2 Hz), 7.44 (1H, d, J 3.6 Hz), 7.33 - 7.18 
(3H, ra), 6.91 (2H, t>r s), 6,79 (1H, dd, J 3.2, 1.6 Hz) and 5.43 (2H, s); 
Anal Calcd for C } gH i() NsO * 0.4 H 2 0: C, 64.38; H, 4.66; N, 23.46, 
Found: C, 64.58; H, 4.51; N, 23.18. 


Mp 187.7 - 187.8 °G; IR v mx (NujoD/em 4 3363, 3323, 3201, 2924, 
2854, 1645, 1610, 1580, 1557, 1514, 1483 and 1445; NMR § i{ (400 
MHz, DMSO) 8.30 (1H, s), 8.06 (1H, d, 70.8 Hz), 7.45 (1H, d, 1 3,2 
Hz), 7.38 - 7.13 (3H, m), 6.94 (2H, hr s), 6.79 (IE, dd, J 3.2, L6 Hz) and 
5.44 (2H, s); Anal. Calcd for C, fr Hi 2 ClN 5 0 • 0.1 H 2 0: C, 58.67; H, 3,75; 
N, 21,38. Found; C, 58,97; & 3.86; N, 20.95. 


9 




Mp 240.3 - 240.8 °C; IR vW; <NajoI)/cm' 3325, 3204, 2922, 2854, 
1652, 1605, 1580, 1555, 1523, 1467, 1377 and 1344; NMR 5 H (400 
MHz, DMSO) 8.28 (IE s), 8.16 (2H, d, J 8.8 Hz), 8.01 (1H, s), 7.45 - 
7.42 (3H, m), 6.76 (1H, m), 6.70 (2H, br s), and 5.5? (2H, s); Anal. Calcd 
for C J6 H i2 N 6 0 3 " 0.7 H 2 0: C, 49,87; H, 3.77; N, 21 .81. Found: C, 50.09; 
% 346; N, 21,59. 


10 




Mp 226.8 ~ 226.9 °C; NMR. S H (400 MHz, DMSO) i h H }, 8.06 
(1H, d, J 1 ,2 Hz), 7.75 (1H, d, J 7.6 Hz), 7.67 (1H, s), 7.57 - 7.45 (3H, 
m), 6.95 (2R br s) t 6.79 {JH. dd, J 3.6, 1.6 Hz) and 5.50 (2H, s); Anal. 
Calcd for C„H J2 N$0 -0.75 HjtO; C, 61,91; H, 4.13; N, 25.48. Found; C, 
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| 62.14; H, 3.8] ; N, 25.37, 


11 




Mp 159.4 - 162.2 °C; NMR 5 H (400 MHz, DMSO) S.32 (1H, s), 8,07 
(1H, s), 7.49 (IH, d, J 8.0 Hz), 7.46 (1H, d, J 3.4 Hz), 7.34 ~ 7.24 (2H, 
m), 6.94 (2H, far s)» 6;S0 (IH, dd, J 3.6, 1.9 Hz) and 5.50 (2H, s), 


| 12 




Mp 19.1 .7 - 191.8 °C; NMR « H (400 MHz, DMSO) 8.28 (IH, s), 8.05 
(1H, d, 7 0.8 Hz), 7.44 (IH, d, J 3.6 Hz), 7,22 (1H, t, J 8.0 Ha), 6.91 (2H, 
s), 6.85 - 6.72 (5H, m), 5.93 (2H, s) and 3.70 (3H, s). Anal. Calcd. for 
C J? H, 5 N 5 0 2 * 0.2 H 2 0: C, 62,84; H, 4.7S; N, 21.55. Found: C, 62.91; H, 
4,71; N, 21,22. 


J 13 

1 




IR v ma>; (NuJoiVcm' 1 2923, 2854, 1616, 1588, 1552, 1531, .1487, 1456, 
1377, 1245 and 1042; NMR 5 H (400 MHz, DMSO) 8.30 (1H, s), 8.07 
(IH, s), 7.43 (IH, d, J 3.6 Hz), 7.20 ~ 7.1 J (3H S ra), 6.92 - 6.71 {.1 OH, j 
m), 5,38 (2H, s), 4.98 - 4.89 (4H, m) and 3,66 (9H, s); Anal. Calcd for 
CsOfeNsQ* ' H 2 0; C, 68,38; H, 5.74; N, 12.08; Found: C, 68.74; H s 
5,47; N, 12.10; M/Z 562 (M-fH)* 


j 

14 


28 


Mp 210,3 - 210.4 °C; BR v wax <Nujol)/cm 4 3339, 3203, 3061, 1655, 
1582, 1561, 1407, 1454, 1228 and 758; NMR 5g (400 MHz, DMSO) 
5.47 (2H, s), 6.77 - 6,80 0H, m), 6.93 (2H, s) t 7.04 - 7.09 (IH, ra), 7,10 
- 7.16 (IH, ml 7.19 - 7.26 (IB, in), 7,31 - 7.38 (IH, lit), 7.44 (Hi d, J 
3.0 Hz), 8.06 (IH, s) and 8.28 (IH, s). 


15 




Mp 226.9- 227.7 «C; IR (NnjoI)/eni 5 3331, 3111, 2925, 2854, 
1638, 1574, 1488, 1460, 1378, 1032 and 887; NMR S M (400 MHz, 
DMSO) 8.40 (IH, s), 8.17 (IH, s), 7.75 (IH, s), 7.21 (IH, t, 77.2 Hz), 
7. 10 ~ 7.00 (3H, m) t 6,88 (IH, dd, J 3.6, 1 .6 Hz) and 5.39 (2H, s); Anal. 
Calcd for CpHijHsO -HQ -H 2 0: C, 56.75; H, 5,04; N t 19.46. Found; C, 
57.03; H, 5,06; N, 19.10. 


16 


40 


Mp 202 3 - 202.4 °C; 111 , a Nujo] i i' - : : " 212, 2924 
2854, 1724, 1640, 1607, 1579, 1558, 1510, 1485 and 1448; NMR 8 H j 
(400 MHz, DMSO) 8.30 (IH, s), 8.06 (Hi d, J 1,2 Hz), 7.87 (IH, m), 
7.81 (IH, sX 7.52 ~ 7.45 (3H, m), 6.94 (2.H, s), 6.79 (IH, dd, / 3.6, 2.0 
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Hz), 5 >1(2H, 0 ind J.83 < H s) 


17 




Mp 239.2-239.4 °C; Jk V m% {NujoD/cnf 5 3318, 3136, 2922, 2854, 
1656, 3634, 16.14, 1586, 1463, 1377, 1300 and 1148; NMR$h<400 
MHz, DMSO) 8.37 (IE, s), Ul (IB, s), 7,88 (2H, d, 7 8,4 Hz). 7.58 
(IB, d, J 3.4 Hz), 7,42 (2H, d, 7 8.3 Hz), 6.83 (1H, dd, 7 3.6, 1.7 Hz), 5.6 
(2H, s) and 3.18 (3H, s); Anal. Calcd for C i7 H JS N 5 0 3 S - HC1 -0.5 H 2 0: 
C, 49.22; R 4,13; N, 16.88. Found: C, 49,05; H, 3,93; N, 16.53. 


18 




NMR Sh (400 MHz, DMSO) 8.37 (1H, s), 8.16 (111, s), 7.73 (IB, s), 7.27 
- 7.16 (5B, m), 6.S7 (IB, dd, 73.4, 1,6 Hz), 4.44 (2H, & 77.1 Hz) and 
3. 16 (2H, t, 7 7.2 Hz); Anal. Calcd for CnHssNjO • HO: C, 59.74; H, 
4.72; N, 20.48. Found: C, 59.46; B, 4,76; N, 20.11. 


19 




NMR oh (400 MHz, DMSO) S.32 (1H, s), 8.12 (1H, d, 7 1.2 Hz), 6.84 
(IB, dd, 7 3.6, 2.0 Hz), 4.04 <2H, d, 7 7,6 Hs). 1,92 (IB, m), 1.65 - 1.50 
(5H, m) and 1,16 - 1,14 (5H, ffi); Retention lime 5.59 min, 


20 


99 


Mp 306.0 - 306.3 °C; NMR 8 H (400 MHz, DMSO) 8,32 (IB, s), 8,08 
(1H, s), 7.85 (IK, m), 7.77 (1.0, s), 7.48 (3.H, m), 6.81 (IB, dd, 73,6, 1.6 
Hz), 7.0 (2H, br s) and 5.50 (2.B, s); Retention time 0.62 nain. 


21 




Mp 191.4 - 191.5 °C; IR v max (Nu)oJ)/cm 156, 3 1 924, 
2854, 1662, 1633, 1573, 1484, .1454, 1375 and 1032; NMR S» (400 
MHz, DMSO) 8.33 (1H, s), 8.14 (HI, s) 7.66 (1H, br s), 6.86 (1H, br s), 
4.89 (IB, br m) and 1.45 (6H, br m); Anal. Calcd for C 12 H !3 N 5 0 * HCI • 
1 .25 H 2 0: C, 47.69; H, 5.50; N, 23.17. Found: C, 47.90; H, 5.21 ; N. 
23.00. 


22 




Mp 219.0 - 219.4 °C; IR\w (Nujoiycm 1 2924, 2854, 1644, 1574, 
1461, 1377, 1328 and 1112; NMR Sh (400 MHz, DMSO) 8.35 (1.H, s), 
8.1.0 (IB, s), 7.69 (2H, 4 7 8.0 Hz), 7.55 (IB, s), 7.39 (2H, d, 7 8.0 Hz), 
6.S2 {IB, t, 7 1.6 Hz) and 5.54 (2H, s); Anal. Calcd for CnHwFsNjO • 
HCI * 0,5 BaO: C, 50.44; H, 3.49; N, 17.30. Found: C, 50.73; H, 3,23; N, 
17.157 
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Mp 21 S °C; NMR 5 H (400 MHz, DMSO) 836 (1H, s), 8,16 (1H, s), 773 
(Hi s), 6,87 (1H, t / 1.8 Hz), 4,19 (2H, ra), 7.80 (2E, m\ 132- 1.23 
(414, m) and 0.84 (3H, t, J 6,8 Hz); Anal, Calcd for CuH i7 'N 5 0 » HC1: C, 
54.63; H, 5.89; N, 22.74. Found: C, 54.55; H, 6.04; N, 22,44. 


24 




Mp 22.5 5 - 236.2 "C NMR % (400 MHz, DMSO) 8.20(111 s). 8 12 
(Hi s), 7.61 (Hi 4 / 3,2 Hz), 7,50 - 7.43 (HI m), 7, 14 - 7. 1 1 (2H- m), 
6.83 (HI dd, J 3.6, 1.6 Hz) and 5.44 (2H, s); Anal. Calcd for 
C t6 H u F 2 N 5 0 * HC1 • 0,75 H 2 0: C, 50.94; H, 3.65; N, 18,56, Found: C, 
50,96; H, 332; N, 18.20. 


25 


10 


NMR 5r (400 MHz, DMSO) 5.61 (2Ii s), 6.79 - 6.83 (HI m), 7.52 (HI 
d, J 3.5 Hz), 7.82 (IB, dd, J 8.0, 5.5 Hz), 8.09 (1H, s), 8.12 (1H, s), 8.76 
(III s); M/Z 293 (M+Hf, 


26 


41 


Mp 177.0 - 177.1 °C; IR \< mx (NujaO/cnf 1 3456, 3331, 3211, 3142, 
3121, 2726, 1731, 1651, 1587, 1559, 1488, 1462, 1377, 1235 and 755; 
NMR 8 H (400 MHz, DMSO) 1.20 (3H, t, / 7.0 Hz), 4.15 (2H, q, J 7.0 
Hz) 5.06 (2H, s), 6.78 - 6.81 (1H, ra), 6.94 (2H, s), 7.44 (1H, a, J 3.5 
Hz), 8.06 (Hi s) and 8.28 (1H, s); Anal. Calcd for C n H r N 5 O s : C, 5435; 
H s 4.56, N, 24.37. Found: C, 54.22; H, 4.58; N, 24.01. 


27 


95 


Mp 291.9 - 192.0 °C; IR v mK (Nojoiycm 1 3371 3329, 3204, 3141, 
2726, 1704, 1658, 1579, 1456, 1378, 956 and 789; NMR 5 H (400 MHz, 
DMSO) 4.96 (2H, s) s 6.78 - 6.80 (HI, m), 6.92 (2H, s), 7.44 (HI, d, J 3,5 
Hz), 8.05 - 8.07 (1H, m), 8.26 (1H, s) and 1 3.09 (1H, s); Anal, Calcd for 
CjjHsNsOs » 0.3 H s O: C, 49.93; H, 3.66, N, 26,46. Found: C, 50.22; H, 
3,46; N, 26.12. 


28 


20 


Mp 204.5 ° C; IR v ra8X (Nujol)/em J 3485, 3322, 2925, 1651, 1587, 1378, 
1232 and 709; NMR S H (400 MHz, DMSO) 5.14 (2H, br s), 5.57 (2H, s), 
7.01 - 7.14 (3H, ro), 7.20 - 7.31 (2H, m), 7.59 (IB, dd, / 5.0, 1,0 Hz), | 
7,98 pH, 4/3.5 Hz) aod 8.19 (IH, s); Retention time 4,87 xmn \ 


29 


59 


Mp 249.8 - 249 9 °C; £R v m < (Nujciycro'' 344 1 . 3292 3058 2645. 
1705, 1668, 1630, 1582, 1561, 1457, 1383 and 1215; NMR 5 H (400 
MHz, DMSO) 5,25 (2H, s), 6.J.6 ~ 6.78 (2H, s), 6.91 - 6.96 (1H, m% 7,23 
(1H, t. J 7 0 Hz), 7.88-7.99 (3H, in), 8.24 (IB, s), 8 37 (IH, a. J 5 0 
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lb) e>4 H dlJ ,T - u ■ i < < C t H < l 

3 H 2 0: C, 43.49; H, 4.56; N, 22.19. Found: C> 43.60; H, 4.01; N, 21.95. 


30 


47 


IR \W (NujolVcm' 5 3604, 33-12, 3152, 3090, 260), 1659, 1629, 1574, 
1558, 1526 and 1460; NMR & {400 MHz, DMSO) 4.66 - 5.19 (2B, s), 
5.59 (2R s), 6.82 - 6.85 (IB, m), 7.60 (IH, d, J 3.5 Hz), 7.62-7.67 (2H, 
m), 8.07 ~ 8.09 (1H, m), 8.11 (IB, d, 7 1.0 Hz), 8.14 - 8.1? (Ill m), 8.39 
(1H, s); Anal. Calcd for Ci&nWi • HC1 * 0.75 H 2 0: C, 49.75; H, 3.78, 
N, 2.1.76. Found: C, 49.92; R 3.39; N, 21.33. 


31 




Mp 190.9 - 191.7 *C; IR vw (Nujoiycra 1 3407, 3171, 3089, 2923, 
2854, .1.65.1, 1633, 1578, 1485, .1455 and 1377; NMR 8 H (400 MHz, 
DMSO) 8.40 (1H, s), 8.1? {IB, s), 7.76 (1H, s), 7.30 - 7.15 (5H, m), 6.88 
(Hi, dd, 7 3.5, 1.6 Hz), 4.23 (2H, t, /7.0 Hz), 2.60 (2H, t, J 7.3 Hz) and 
2,17 - 2.10 (2H, m); Retention time 5.42 min. 


32 


94 


NMR 8s (400 MHz, DMSO) 4.70 - 5.44 (2H, s), 5.49 (2H, s), 6.86 (1H, 
s), 7.12 (1H } s), 7.27 (2H, t, J 7.5 Hz), 7,45 (IB, t, 77.5 Hz), 7.66 (1H, d, 
J 2,5 Hz), 8,39 (IH, s) and £48 - 10.63 (2H, s); .M/Z 307 (M+Hf . 


33 


19 


IR v«,„ (Nujoiycm 1 3328, 3193, 2925, 2854., 1650, 1598, 1561, 1513, 
1456, 1430 and 1377; 3S*MR % (400 MHz, DMSO) 8,84 (IH, d, J 4.4 
Hz), 8.54 (IB, s), 8.43 (M, d 7 8.0 Hz), 8.04 (IB, in), 7.60 (M, dd, J 
6.8, 5.2 Hz), 7.34 (IH, m), 7.22 (IH, m), 7.13 (IH, m) 7.07 (IH, m), 7.03 
(2H, s) and 5.50 (2H, s). 


34 


58 


Mp 276.8 - 277.2 °C; NMR 6 H (400 MHz, DMSO) 4.29 (2R d, J 6.0 
Hz), 4.89 (2H, s), 6,77 - 6.81 (IH, ni), 6.88 <2H, s), 7.21 - 7.37 (SB, m), 
7.44 (IH, d, 7325 Hz), 8.04 - 8.0? (IH. m), 8.26 (IH, s) and 8.50 (IH, £, 
./6,0 Hz). 


35 


5S 


Mp 276.8 - 277.2 "C; NMR 6 H (400 MHz, DMSO) 4.29 (2B, d, 7 6.0 
.Hz), 4.89 (2H, s), 6.77-6,81 (IH, m), 6.88 (2H, s). 7.21 - 7.3? (511, m), 
7,44 (IH, d, ,/ 3.5 Hz), 8.04 - 8.07 (IH, m), 8.26 (IB, s) and 8.50 (IH, t, 
76.0 Hz). 
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\ 36 
37 


29 


Mp 279.9 - 281.0 °C; NMR o Tl {400 MHz, DMSO) 5.08 (2H. s), 6.78 - 
6.82 (IR m). 6.90 (2H, a), 7.13 (IR d), / 8,0 Hz), 7.36 (1H, t, J 8.0 Hz), 
7,42 - 7.49 (2R m), 7.74 - 779 (IB, m). 8.05 - 8.09 (1H, m), 8.28 (1.R 
s) md 10.52 (IR s). 


49 


Mp 247,9 - 249,4 °C; NMR 5a (400 MHz, DMSO) 4.28 (2R d, 7 6.0 
Hz), 4,86 (2H, s), 6.26 (IR d, 7 2.5 lis), 6,38 - 6.41 (IR m), 6.77 - 6.80 
(IB, m), 6.88 (2H, s), 7.44 (HI, d, 7 3.5 Hz), 7.57 - 7.60 (IR m), 8-04 ~ 
8.07 (IH, m), 8.25 (HI, s) and 8.52 (IR, t, J 5.5 Hz). 


38 


31 


Mp 200.0 - 200.1 "C; IR v max (Nujoi)/em 1 3473, 3181, 3078, 2923, 1646, 
1572, 1461. 1376, 792 and 768; NMR 5 H (400 MHz, DMSO) 5.19 (2H S 
br s), 5.59 (2H, s), 6.98 - 7.12 (3R m), 7.20 - 7.29 (IB, ns), 7.58 (IB, d, 
7 3.5 Hz) and 8.59 (IR s); Retention time 4.64 min. 


39 




Mp 223.2 - 225.1 °C; NMR 6 H (400 MHz, DMSO) 8.29 (IR s), 8.09 
(IR, d, 7 1.2 Hz), 7.58 (IR m), 7.53 (IR d, 7 3.2 Hz), 6,81 (IR dd, 7 
3.6, 2.0 Hz), 6.41 (IR dd. J 3.2, 2.0 Hz), 6.36 (1H, d, J 2,8 Hz) and 5.40 
(2R s). 


40 


61 


IR (Niijoiycm 1 3495, 3321, 3210, 3118. 2727, 1635, 1604, 1579, 
1478, 1464, 1390 and 1175; NMR (400 MHz, DMSO) 2.36 (3H, s), 
6.78 ~ 6.79 (IR ra), 7,43 -7.45 (4R ra), 7.92 (2R d, 7 8.5 Hz), 8.05 (1H, 
s) and 8.52 (IR s). 


41 




Mp 218.7 - 219.5 °C; IR \w (Nujol)/cro 4 349 523 • 1$ £854, 
1615, 1596, 1570, 1512, 1481, 1452, and 1377; NMR 5 tJ (400 MHz, 
DMSO) 8.34 (IR s), 7.46 (IB, s), 7.34 (IR s), 7,21 (2H, m), 7.13 (IR 
m), 7.05 (1H. m), 6.97 (2R br s), 5.47 (2H, s) and 4,20 (3R s). 


42 


1.1 


Mp 250.5 - 251.2 *C; IR (Niijol)/ciii" 5 3483, 3354, 2924, 2854, 
1616, 1601, 1575, 1503, 1454, 1418 and 1377; NMR 5 H (400 MHz, 
DMSO) 13.08 (IR br s), 8.37 (IR s), 7.38 - 7.06 (6R m) 6.72 (2R br 
s) and 5.48 (2R s). 


43 


59 


Mp 267.4 -271.5 "C; ift v, .. ; >;.;;..,; . 3461, 3290. 3194. J 664, 1589. 
1465, 1377, 1291, 1235, 1157, 1014 and 795; NMR S H (400 MHz, 
DMSO) 3.71 (3R s), 5.06 (2R s), 6.65 (IB, dd, J 8.0, 2.0 Hz), 6.78 ~ 
6.81 (IR ml 6.89 (2R s), 7,09 (1H, d, 7 9.0 Hz), 7.21 (IR d, 7 3.0 Hz), 
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7.*6- 7.30 (IB, i 1 (1H / 0 Hz), 8.05 - 8.1 IB 8.2 
(1H, s) and 10.31 (lH,s). 


44 


71 


Mp 231.1 - 231.2 »C; 1R (Nujol)/cm' ! 3462, 3298, 3213, 3111, 
1651, 1586, 1558, 1487, 1456, 1377, 1280, 1169, .1009 and 765; NMR 8 H 
{400 MHz, DMSO) 2.72 (2H, I, / 7.0 Hz), 3.24 - 3.35 (2H, m), 4.80 (2H, 
s), 6.77 - 6.82 (1H. m), 6.SS (2H, s), 7.16 - 7.23 (3H, m), 7,24 ~ 7.33 
(2H, m), 7.44 (1H, d, J 3.0 Hz), 8.02 - 8.09 (2M. m) and 8.25 (1H, s). 


45 


15 


Mp 276.2 - 278.5 *C; IR. \w (Najol)/cm 4 344S, 3288, 3 199, 1 669, 1 588, 
.1557, 1456, 1378, 1309, 1106. 888 and 757; NMR 8 H (400 MHz, 
DMSO) 5.15 (2H, s), 6.76 - 6.83 (1H, m), 6.90 (2H, s), 7.1 1 - 7,20 (2H, 
m), 7.23 - 7.32 (1H, m), 7.42 - 7.48 (1H, ml 7.83 - 7.93 (1H, m), 8.04 - 
8.09 (iH,m), 8.2S (1H, s) and 10.12 <1H, s). 


m 


22 


NMR 8« (400 MHz, DMSO) 8.39 (1H, m), 8.29 (IB, s), 8.06 (1H, d, / 
1.2 Hz), 7.72 ~ 7.68 <2H, m), 7.45 - 7.31 (2H, m), 6.92 (2H, s), 6.79 (1H, 
dd, / 3.2, 1 .6 Hz), 5.4? (2H. 8) and 2,74 (3H, d, / 4.8 Hz); Anal. Calcd 
for CiaHitfNiA * 0.5 HgO: C, 60,50; H, 4.79; N, 23.52, Found: C, 60.32; 
H, 4.63; N, 23,50, 


47 


33 


NMR % (400 MHz, DMSO) 8.29 (1.H, s), 8.06 (1H, s), 7.44 (1H, d, / 3.4 
Hz), 7.40 - 7.20 (4H, m), 6.92 (2H, s), 6,79 (1H, dd, J 3.5, 1.9 He) 3.46 
(2H, s), 2.94 (3H, br s) and 2.85 (3H, br s). 


48 


75 


NMR §h (400 MHz, DMSO) 3.79 (3H, s), 4.25 (2H, d, / 6.0 Hz), 4.90 
(2H, s), 6,75 - 6,81 (1H, m), 6.84 - 7.01 <4H, m), 7.18 ~ 7.28 (2H, rn), 
7.44 (1H, d, J 3.5 Hz), 8.06 (1H, s), 8.27 (1H, s), 8.29 (IB, t, / 6.0 Hz). 
Anal. Calcd. for C^liaNjQ, * 0.5 H a O; C, 58.91 ; H 4.94; N, 21 .69. 
Found: C, 60.20; H, 5.34; N, 2133; MJZ 379 (M+H) + , 


49 




NMR 8h (400 MHz, DMSO) 4.33 (2R d, ./ 5.0 Hz), 4.90 (2H, a), 6.79 
(1H 9 s), 6.89 (2H, s), 7.11 - 7.23 <2H, m), 7.26 - 7,40 (2H, m), 7.44 (1H, 
d, J 3.0 Hz), 8,06 (1H sX 8.27 (1H, s) and 8.52 (1TL t, J 5.5 Hz); WZ 
367 (M+H) \ 
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50 


89 


Mp. 265.8 °C: 1R v UWA (\< ... '.0, ?2<X>. 314?, 2924. 2854, IfPO. 
1608. 1575, 1497, 1465 and 1377; NMR % (400 MHz, DMSO) 13.8 
{IH, br i% 8,45 (IB, s), 8.02 (IB, s), £22 (IB, br s), 7. 1 3 (4H, s), 5.39 
(2H, s) and 2.26 (3H, s). 


51 

52 


IS 


Mp, 287.9 °C; NMR S H (400 MHz, DMSO) 8.77 (XH, br s), 8.40 (1H, s), 
7.3? - 7.11 (4H, m) and 5.50 (2H, s). 


SO 


NMR 5 M (400 MHz, DMSO) 8.35 (JH, s), S..14 (1H. dd, ./ 8.1, 1.1 Hz), 
8.07 (IB, d, J 1.2 Hz), 7.67 - 7.56 (2B, m), 7.47 (1H, d, 7 3.5 Hz), 6.95 
(2H. s), 6.81 - 6.79 (2H, m) and (5.80 (2H, s>; Anal Calcd for 
CieHiaNfiOj * 0.3 H 2 0: C, 56.24; H, 3.72: N, 24.59. Found: C, 56.41; H 
3.48; N, 24.15. 


S3 




IR v m , x (NujoIVem 1 2924, 2854, 1605, 1581, 1465, 1377, 1156 and 
1018; NMR 8 H (400 MHz, DMSO) 12.0 (1H, br s), 10.39 (IH, br s), 8.52 
(1H, s), 8.16 OH, s), 7.S1 (2H, br s), 7.75 (IB, d, 7 4.0 Hz), 7.60 (JH. s), 
7.38 (1H, d, J 2.4 Hz), 7.23 (1H, t, J 7,6 Hz), 7.05 - 6.S5 (5H, m) and 
5.49 (2H, s); Aiial, Caicd for ^PjpHi^QaSa * 0.4 H 2 0; C, 47.57; H, 3.13; 
N, 13.87. Found; G, 47,70; H, 3.20; N, 13.53. 


54 

I 

56 


22 
40 


NMR Sh (400 MHz, DMSO) 5.36 (2H, s), 6.78 - 6.82 (IH, m), 6.87 (JH, 
s), 6.89 - 6.95 (2H, ra), 6.98 - 7.04 (3B, m\ 7.21 (IB, t, J 8.0 Hz), 7,38 
- 7.40 (1H, m), 746 (IH, d, J 3.5 Hz), 7.81 (1H, dd, 7 5.0, 1.0 Hz), 8,07 
( JH, s), 8.28 (IH, s) and 10.39 (IH, s); M/Z 453 (M+H) + . 


Mp 245.3 - 246.1 °C; IR \w (Nujol)/crrif s 3666, 2922, 163$, 1460, 1378, 
1229 and 757; NMR 8 H (400 MHz, DMSO) 5.49 (2H, s). 7.12 - 7.28 (3H, 
m), 7.31 - 7.42 (2H, m), 8-06 (JH, d, J 2.0 Hz) and 8.53 (IB, s); 
Retention time 2.10 min. 




IR Vjroa. (Nujol)/cm"' 3600 - 2500 br, 2921, 2853, .1.659, 1633, 1574, 
1556, 1462, 1378 and 1031; NMR 8h (400 MHz, DMSO) 8,38 (IH, s), 
8.13 (IH, d, J 1,2 Hz), 7.37 - 7.29 (2H, m), 7.12 (IH, ra), 6.88 - 6.84 
(2H, m) and 5.54 (2H, s). 
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57 


6 


NMR S H (400 MHz, DMSO) 3.68 (3H, s), 5.49 C2R s), 6.60 (IR d, 77.5 
Hz), 6.79 - 6,82 (1H, m), 6.91 (2R s), 7.02 ~ 7.09 (1H, ml 7.18 <2H, d, 
7 4,5 Hz), 7.47 (1R d, 73.5 Hz), 7.23 (IR s), 7.84 (IR s). 8.07 (IR s), 
8.31 (1 R s) and 10.13 (IH, s); M/2 451 (M*H)' . 


58 


14 


NMR S H (400 MHz, DMSO) 8.73 (1H, br s), 8.40 (1H, s), 8.15 (IR ia), 
S.08 (1H. s), 7.64 (IH, d, 7 5.1 Hz) and 5.61 (2R s). 


59 


5 


Mp 278.5 - 279.0 °C; NMR 8 H (400 MHz, DMSO) 8.44 (IB, s) t 8.15 
(IR m), 8.08 (IR s), 7.97 (IH, d, 72,3 Hz), 7.10 (IR s), 7.10 (2R br s) 
and 6,00 (2R s). 


60 


22 


Mp 193.3 - 193.4 °C; JR \-w (NujoD/cni 1 3289, 2934, 1661, 1642, 
1582, 1514, 1460 and 1377; NMR 5 H (400 MHz, DMSO) 8.76 (11% s), 
8.40 (IH, s), 7.44 (IR t, 7 7.6 Hz), 7.25 (2H, ro) 7.07 (1H, s) and 5.50 
(2H, s). 


61 


25 


Mp 193.3 ~ 193.4 "C; NMR S» (400 MHz, DMSO) 5.61 (2H, s), 7.17 
(2H, brs), 7.61 - 7,67 (2Eik% 8.07 - 8J1 (2H, m), 8.12 - 8.19 (IR m), 
8.23 (Hi, 4 73.0 Hz) and 8.43 (IR s); Retention time 4.70 mm. 


62 


93 


Mp 177.8 - 178.3 *C;iR v {)m (Nttjoiyem 1 3302, 2925, 1634, 1462, 1377, 
774 and 778; NMR Sh (400 MHz, DMSO) 5,50 (2H, s), 7.08 (1H, &), 
7,23 - 7,31 (2R m), 7.45 (Hi, t s J 7.5 Hz), 8.09 (IH, d, 7 3.0 Hz), 8.22 
(1H, d, 73,0 Hz) and 8,41 (01, s); Retention time 1.75 mis. 


63 


67 


IR \w (Nujoiycm 1 3162, 2920, 1551, 1574, 1464, 1378, 1072 and 766; 
NMR 6 H («0 MHz, DMSO) 8.51 (IR s), 8.04 (IR d. 7 2.5 Hz), 7.44 
(Hi t, 7 8.0 Hz), 7,31 (IH, br s), 7.27 - 7.20 (2H, m), 7.10 (IR s) and 
5.49 (2H, s). 


64 


m 


rnp 171 - 172 "C: 3R v» (Nujol)/cni ! 3252, 2922. 1667, 1619, 3466. 
1378, 1261, 1169, 769 and 751; NMR 8 H (400 MHz, DMSO) 8.59 (IR 
4 8.10 (1H, d, 7 2,5 Hz), 7.51 (IR br &), 7.25 (IR t, J 8.0 Hz), 6,90 - 
6.82 (2R m), 6.82 - 6.77 (IB, d, 7 8,0 Hz), 5.43 (2H, s) aid 3.72 (3H, s). 


65 


82 


' 3 1640, 1455, 1455, 1378 and 750; NMR 
S H (400 MHz, DMSO) 11.13 (1H, br s), 8.23 (IR s), 8.05 OR d, 7 1.0 
Hz), 7.43 (IH, d, 7 3.5 Hz), 7.34 - 7.28 (2H, m), 7.00 (IR t, 7 7.0 Hz), 
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S' (213 it iHx).6.73(lRct./6.5Hz) ; 6.5 
6.49 (M asl ^Mi 


66 




KMR 8h (400 MHz, DMSO) 8.25 (1H, s), 8,06 - 8.04 (1H, m) t 7.99 <1H, 
d, -/ 8,5 Hz), 7,68 (1H, d, J 3.5 Hz), 7.43 (1H, d, J 3.5 Hz), 7,26 (1H. t / 
7,5 Hz), 6.99 (1H, d, 7 6,5 Hz), 6.93 <2H, br s), 6.86 (Hi d, 7 4.0 Hz), 
6.79 - 6.77 (m m), 5.65 £2H, s) and 1.61 (9H, s). 



Adenosine Receptor Binding 

5 Binding Affinities at hA 2A Receptors 

The compounds were examined in an assay measuring In vitro binding to human adenosine 
Aza receptors by determining the displacement, of the adenosine A 2A receptor selective 
radioligand [ 3 H]~CGS 21680 using standard techniques. The results are summarised in 
Table 3. 

10 

Table3 



Example 




Example 11 


9 


Example 12 


2 


Example 14 


2 


Example 15 


2 


Example 22 


6 


Example 24 


2 


Example 28 


5 


Example 30 


4 


Example 31 


2 


Example 32 


4 


Example 33 
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Example 55 


16 


Example 56 


8 



Evaluation of potential anti-Parkinseman activity in vivo 

Haloperidol-induced hypolocomotion model 

5 it has previously been demonstrated that adenosine antagonists, such as theophylline, can 

reverse the behavioural depressant effects of dopamine antagonists, such as haloperidol, in 
rodents (Mandhane S.N. et at, Adenosine A 2 receptors modulate haloperidol -induced 
catalepsy in rats. Eur. J. Pharmacol. 1997, 328, 135 - 141). This approach is also 
considered a valid method for screening drugs with potential antiparkinsonian effects. 
10 Thus, the ability of novel adenosine antagonists to block haloperidol-indueed deficits in 
locomotor activity in mice can be used U is --ss both in vivo and potential antiparkinsonian 
efficacy. 

Method 

15 Female TO mice (25-30g) obtained ftom TUCK, UK, are used for all experiments. Animals 
are housed in groups of 8 [cage size - 40 (width) x 40 (length < 10 i hi ight n ] tins i< H' i 
light/dark cycle (lights on 0S:00hr), in a temperature (20 ± 2°C) and humidity (55 ± 15%) 
controlled environment Animals have tree access to food and water, and are allowed at 
least 7 days to acclimatize after delivery before experimental use, 

20 

Drugs 

Liquid injectable haloperidol (1 mi Sere-nance ampoules from Baker Norton, Harlow, 
Essex, each containing haloperidol BP 5 mg. batch # P424) are diluted to a final 
concentration of 0.02 mg/ml using saline. Test compounds are typically prepared as 
25 aqueous suspensions in 8% Tween. All compounds are administered Intraperhoneally in a 
volume of 10 ml/kg. 

Procedure 

1.5 hours before testing, mice are administered 0.2 g/k ha operidol, a dose that reduces 
30 baseline locomotor activity by at least 50%. Test substances are typically administered 5~ 
60 minutes prior to testing. The animals are then placed individually into clean, clear 
polycarbonate va^c I 1 1 - i x 20 i era , with a flat perforated, 
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v Ij. Horizon! icomoto I 1 < xi by placing i l s a 

frame containing a 3 x 6 array of photoceHs linked to a computer, which tabulates beam 
breaks. Mice are left nndtsl srbe esplo I hour, and the number of beams breaks 
made daring this period serves as a record of locomotor activity which is compared with 
5 data for control animals for statistically sigi t it. differences. 

6-OHDA Model 

Parkinson's disease is a progressive neurodegenerative disorder characterised by symptoms 
of .muscle rigidity, tremor, paucity of movement (hypokinesia), and postural instability. It 

10 has been established for some time thai the primary deficit in PD is a loss of dopaminergic 
neurones in the substantia nigra which project to the striatum, and indeed a substantial 
•proportion of striatal dopamine is lost (ca 80-85%) before symptoms are observed, The 
loss of striatal dopamine results in abnormal activity of the basal ganglia, a series of nuclei 
which regulate smooth and well co-ordinated movement (Blandini R et at, Ghitamate and 

15 Parkinson's Disease. Mai Neurobtol 19%, 12, 73 - 94 K Tht nemo 

in Parkinson's disease can be reproduced by local injection of the dopaminergic nemotoxin 
6~hydroxydopamine into brain regions containing either the cell bodies or axons! fibres of 
the nigrostriatal neurones; 

20 By unilaterally iesioning the mgrosiriataJ pathway on only one-side of the brain, a 
behavioural asymmetry in movement inhibition is observed. Although unilaterally-lesioned 
animals are still mobile and capable of self maintenance, the remaining dopamine-sensittve 
neurones on the lesioned side become supersenstive to stimulation. This is demonstrated 
by the observation that following systemic administration of dopamine agonists, such as 

25 apomorphine, animals show a pronounced rotation in a direction contralateral to the side of 
Iesioning. The ability of compounds to induce contralateral rotations in 6-OHDA lesioned 
rats has proven to be a sensitive model to predict drug efficacy in the treatment of 
Parkinson's Disease. 

30 Animals 

Male Sprague-Dawley rats, obtained from Charles River, are used for all experiments. 
Animals are housed in groups of 5 under X2br light/dark cycle (lights on 08;00hr), in a 
temperature (20 i 2°C) and humidity (55 ± 15%) controlled environment Animals have 
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free access to food and water, and are: allowed at least 7 days to ac • • tfter deliver)' 
before experimental use. 

5 Ascorbic acid, desipramine, 6-OHDA and apomorphinc (Sigma-Aldrieh, Poole, UK). 6~ 
OHDA is freshly prepared as a solution in t o 1 nlgmiL 

prior to surg< r\ l> sipt mm s dissolved in warm saline, and administered in a volume of 
1 ml/kg, Apom©rphme is -dissolved in 0.02% ascorbate and adi mi i red in a volume of 2 
ml/kg. Test compounds are suspended in 8%Tween and injected in a volume of 2 mL/kg. 

10 

Surgery 

15" minutes prior to 'surgery, animals are given an intraperitoneal injection of the 
noradrene? • me (25 mg/kg) to prevent damage lo non-doparaine 

neurones. Animals are then placed in an anaesthetic chamber and anaesthetised using a 
15 mixture of oxygen and isoiiurane. Ones unconscious, the animals are transferred, to a 
stereotaxic -frame, where anaesthesia is maintained through a mask. The top of the animal's 
head is shaved and sterilised using an iodine solution. Once dry, a 2 cm long incision is 
made along the midline of the scalp and the skin retracted and clipped back to expose the 
skull. A small hole is then drilled through tire skill above the injection site. In order to 
20 lesion the mgrosfriatai pathway, the injection cannula is slowly lowered to position above 
the right medial farebrain bundle at -3.2 mm anterior posterior, ~L5 mm medial lateral 
from bregma, and to a depth of 1.2 mm below the duramater. 2 minutes after lowing the 
cannula, 2 pL of 6-OHDA is infused at a rate of 0.5 tdJmin over 4 minutes, yeilding a final 
dose of 8 jig. The cannula is then left in place for a further 5 minutes to facilitate diffusion 
before being slowly withdrawn. Tire skin is then sutured shut using Btliicon W 501 Mersiik, 
and (he animal removed from the strereotaxic frame and returned to its homecage. The rats 
are allowed 2 weeks to recover from surgery before behavioural testing. 

Apparatus 

V t i i ired t » i 1 meter system provide VI 

Associates, San Diego, USA. Each station is comprised of a stainless steel bowl (45 cm 
diameter x 15 cm high) enclosed in a transpamnt Plexiglas cover running around the edge 
of the bowl, and extending to a height of 29 cm. To assess rotation, rats are placed in cloth 
jacket attached to a spring tether connected to optical rotameter positioned above the bowl, 
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which assesses movement to the left or right either as paraai (45*) or full (36(F) rotations. 
All eight stations are interfaced to a computer that tabulated data. 

Procedure 

5 lb reduce stre s ? i ".I i !i . o the ap ituS for 15 

i u tii'' oj at On the test e given an intra} < i * > i 

of test compound 30 minutes prior to test* ig a umaK are 

gjver d subcuian ous it 1 ed to toe 

harness and the number of rotations recorded for one hour. The total number of full 
10 contralatrai rotations during the hour test period serves as an index of anttp ri <>< oman drug 
efficacy. 
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CLAIMS 

1 . Use of a compound of formula (i): 




wherein 

Ri is selected from alkyl, afkoxy, aryloxy, alkvlthio. arykhio, aryh halogen, CN, NR 6 R 7 , 

NR 5 COR 6 , NRsCONRfiR-, NR 5 C0 2 R s and 'NRsSOjRg; 
R 2 is selected from heteroaryl attached via an unsaturated carbon; 

10 R 3 Is- selected from H, ajkyi, halogen, OR 5s SR 5 and NR*R 7 ; 

&4 is selected from H, acyclic alkyi, C:QNR 6 R 7 , CONRjNR^R?, COK 6 , C0 2 R s and $0 2 % 
R 3 , R<i and R 7 are independently selected from H, alky] and aryl, or where and R? are in 
an NR#7 group, R« and R 7 may be linked to form a heterocyclic group, or where R. Ss R* and 
R? are ta a (CQNRsNRcJU) group, R 5 and R 6 may be linked to form a heterocyclic group; 

15 and 

Rg is selected from alfcyl and aryl, 

or a pharmaceuticalfy acceptable salt or prodrug thereof, in the manufacture of a 
medicament for the treatment or prevention of a disorder in which the blocking of purine 
receptors may be beneficial. 

20 

2, Use according to claim 1 wherein R t is selected from alkyi, alkoxy, thioalkyi, NR§R 7> 
NR 5 COR t3 , NR 5 CONR 6 R ?1 NR5CQ2R* andNRsSQzRg. 



3. Use according to claim I wherjeiri Rj. is selected from NRgR?, NRsCORs, 
25 MR 5 GOMR«R ?! NR s C0 2 R 8 and NR^SQjS* 



4. 



Use according to claim 1 wherein R- is ;•< let ted from KR4R7. 
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5. Use according to claim 1 wherein Rj is selected from NH?. 

6. Use according to claim i wherein Ri is selected from NRsCONRsRj, NRsCGRs, 
5 NR 5 COaK 8 and NRsSCfcR*, aad.R5.kH oralkyL 

7. * Use according to claim i whereis Ri is selected from NRsCONRgR?, NR s COR«, 
MRsCOaRs and NR 3 S0 2 R S) and R 5 is H. 

10 8, Use according to claim 1 wherein Ri is selected from haloalkyi and atyialkyi 

9. Use according to any preceding claim wherein R 2 is a 5- or 6- membered monocyclic 
heteroaryl group. 

15 10. Use according to any preceding claim wherein R 2 is a heteroaryl group which is 
attached to the pyrrolidine ring of formula (I) such that a hetefoatorn is adjacent to said 
unsaturated carbon atom attached to the pyriroidroe ring. 

.11 . Use according to airy preceding claim wherein R s is an N, O or S-eontaining heteroaryl 
20 group. 

1 % Use according to any of claims 1 to .1.1 wherein R 2 is imsubstituted in at least one ostho 
position. 

25 13. Use seconding to any of claims 1 to .11 wherein R 3 is unsubstttoted at both ortho 
positions. 

14. Use according to any preceding claim wherein R* is selected from furyl tMenyi, 
pyridyl, pyrazolyl and thiazoiyl. 

30 

15.. Use rdmg 10 any px£ litis lai herein R is selected from 2-faryh 2-thienyi, 2- 
'miazolyl, 3-pyrazoiyl and 2-pyridyl. 
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16. Use according to any preceding claim wherein Rz is 2-furyl. 

t? Use according to an) c R s i> ogen, 

5 18. Use according to any of claims i to 17 wherein R= is selected from H and substituted 
acyclic alkyl. 

19. Use according to claim 18 wherein R* is acyclic alkyl substituted by susbmuted or 
unsubstituted aryl, eyeloalkyl, non-aromatic heterocyelyl, CO s R 5 , CONRgR;, CQNRsNRsR? 
10 and .C(*NRs)NR«R^ 

.20, Use according to claim 19 wherein R4 is acyclic alkyl substituted by substituted or 
unsubstituted aryl or CONR 6 R 7 , 

15 2.1. Use according to claim 20 wherein R* is methyl substituted by substituted or 
unsubstituted aryl or CONR^R?. 

22. Use according to any of claims 1 to 17 wherein R4 is selected from (CRsRtd&n 
wherein n is "1 to 6, Rg and R w are independently selected from H> alkyl and aryl, and Ru is 

20 selected from substituted and unsobstiaited aryl, eyeloalkyl, non-aromatic heterocyclic, 
C0 2 R 5 » CONKER* COMRsNR^R? and C{^NR 5 )NR 6 R 7 . 

23, Use according to claim 22 wherein n is 1. 

25 24. Use according to claim 22 or 23 wherein R 9 and R 10 are independently selected from H 
and alkyl. preferably H. 

25. Use according to claim 22, 23 or 24 wherein R n is selected from substituted or 
unsubstituted ary! and CQNR 6 R?. 
30 26. Use according to any of claims 22 to 25 wherein R. u is a substituted aryl group 
represented by the formula MRsACRia^&uX: wherein Ar is an aryl group; wherein R n , R» 
and Rj4 are substitnent groupls), the same or different; and wherein a, b and c am 0 or 1 such 
that a+h-fc >1 . 
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27, Use din< 1 > ! e t « R h id} > ' \i.f<.d f om 
NRt)R% alkyl, Mkoxy, halogen, N0 2t C.N, hydroxy NHOH CHO CONRgR?, CG a R 5 
NRjCORfo NR 5 C0 2 R s> NRjSO^ .OGQ&j and aryl 

5 

28. Use according to claim 26 wherein Rj R !3 and R 54 are ind* d tb elected from 
NR<$R?, alky! and halogen. 

29, Use according to claim 27 or 28 wherein R 12 > R13 and R i4 are independently selected 
10 from alkyl, and said alkyl is substitute ilkyl and is sei 

aminoalkyl and haloalkyi 

30. Use according to claim 27 or 28 wherein Rq, Ru and Rj. } a-. depen< fitly selected 
from unsubstituted. alkyl, NH 2 and fiuo.ro, 

15 

3.1 . Use according to any of claims 19 to 30 wherein said substituted or unsubstituted ary) 
group is substituted or unsubstituted phenyl, tbieayl, furyl, pyridyl or indolyl 

32. Use according to claim 31 wherein said substituted or ^substituted aryl group is 
substituted and unsubstituted phenyl, thienyl, furyl or pyridyl. 

20 

33. Use according to claim 22, 23 or 24 wherein R n is selected from CONRsR 7 , Re is H 
and R 7 is selected from H, unsubstituted alkyl, aryialkyl and aryl 

34. Use according to my one of claims .1 to 17 wherein R* is selected from CONR«R?, Rg 
25 is H and R? is selected from arylalkyl. 

35. Use according to claim 34 wherein R? is selected from arylmethyl 

3b, Use according to any preceding claim wherein R$ to Rg are independently selected 
30 from lower alkyl. 

37. Use according to claim I wherein Ri is NHj, Rj. is 2~furyl, R 3 is H and R 4 is 
arylmethyl. 
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38. Use according to claim J. wherein the compound of formula (I) is selected from 
Examples 1 to 66 disclosed herein. 

5 39. Use according to claim 1 wherein the compound of formula (3) is selected from: 

4-(2-furyI)-l~(3-methoxybei - ! >yr< olo[3,4-d3pyrimidine-6-amine; 

K241uorohenxyl)4~(2-fu^^ 

4-{24urylH^3~nrethy^ 

H2>6-dif3aotobenzyl)~4^ 
1 0 4-(24'uryi> i-(3-phenyipropyl)4H-pyrazoto[3/4-d]p>Tiimdine~6-amine; and 

1 ~(241uorobenzyl)-4-<2--pyridyl)- lH-p>Tazolo{3,4-<l]pyrinii.dine--6-amiBe. 

40. A method of treating or preventing a disorder in which the blocking of purine 
receptors may be beneficial comprising administration to a subject in need of such 

15 treatment an effective dose of a compound as set out in any one of claims 1 to 39 or a 
pSmrmaeeuticaily acceptable salt thereof. 

41. A use or method according to any one of claims 1 to 40 wherein the disorder is 
caused by the hyperfunctioning of purine receptors, 

20 

42. A use or method according to any one of claims 1 to 41 wherein the purine 
receptors are adenosine receptors. 

43. A use or method according to claim 42 wherein the adenosine .receptors are A 2A 
25 receptors. 

44. Use or method according to any preceding claim wherein the disorder is a 
movement disorder. 

30 45. A use or method according to claim 44 wherein the movement disorder is 
Parkinson's disease. 
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46, A use or method according to claim 45 for treatment of drug-induced Parkinsonism, 
post-encephalilic Parkinsonism, Parkinsonism induced by poisoning or post-traumatic 
Parkinson's disease. 

5 47. A use or method according to claim. 44 wherein the movement disorder is 
progressive supernudear palsy, Htmtingtons disease, .multiple system atrophy, corticobasal 
degeneration, Wilsons disease, Hallerrorden-Spaiz disease, progressive pallida! atrophy, 
Copa-responstve dysionia-Parkinsomsm, spasticity or other disorders of the basal ganglia 
which result in dyskinesias, 

10 

■48, A use or method according to any one of claims 44 to 4? wherein, the compound of 
formula (1) Is in combination with one or more additional drugs useful in the treatment of 
movement disorders, the components being in the same formulation or in separate 
formulations for administration simultaneously or sequentially, 

15 

49, A use or method according to claiisi 48: wherein said additional drug($) useful In the 
treatment of movement disorders is/are a drag useful in the treatment of Parkinson's 
disease. 

20 50. A use or method according to claim 48 or 49 wherein the or one of the additional 
drugs is L-DOPA or a dopamine agonist. 

51. A use or method according to any one of claims .1 to 43 wherein said disorder is 
depression, cognitive or memory impairment, acute or chronic pain, ADHD or narcolepsy, 

25 

52. A use or method according to claim 51 wherein said cognitive or memory 
impairment, disorder is Alzheimer's Disease. 

53. Use of a compound as set out in any one of claims 1 to 39 of a pharmaceutical] y 
30 acceptable salt thereof in the manufacture of a medicament for neuroprotection in a subject. 
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54. A method ( ropro compr Imi tioi ed< 
treatment an effective dose of a compound as set out in any one of claims 1 to 39 or a 
pharmaceutical^ acceptable salt thereof. 

5 55. A use or method according to claim 53 or 54 wherein said medicament or said 
method is for neuroprotection in a subject suffering from or at risk from a 
neurodegenerative disorder. 

54 A use or method according to claim 55 wherein said neurodegenerative disorder is a 
10 movement disorder, 

57. A use or method according to claim 56 wherein said movement disorder is a 
disorder as set out in claim 45, 46 or 47. 

15 58, A use or method according to any one of claims I to 57 wherein the subject is 
human, 

59. A compound according to any one of claims I to 39, or a pharmaceutical ly acceptable 
salt thereof, for use in therapy* 

20 

60, A compound according to any one of claims 1 to 39, or a pharmaceutical] y 
acceptable salt or prodrug thereof, per $e, other than compounds wherein R 2 is selected 
from pyrazolopyrimidines. 



25 61. A compound according to claim 60 wherein the compound is selected from those 
wherein R 2 is a 5- or 6- membered monocyclic heteroaryl group. 
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